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PREFACE. 



An attempt is made in this Course to present the leading 
principles of Physics whicli are establislied at the present 
time, in a suitable form for teaching in our High Schools 
and Academies. No attempt has been made to write text- 
books "for schools and colleges," since the authors believe 
that such books are suitable for neither the one nor the 
other. 

The authors have not sought to make these b k 3 
clopffidias of facts, as is too often the case with t t b 1 
on Physics, especially on Chemistry. They ! ht 

to develop leading principles in the simplest d 1 t 

manner possible ; and as all the principles of PI j t 

on facts determined by observation, they have d pt 1 tb 
plan of first giving the experiments which e t bl 1 tl 
facts, and of then drawing out the principle. 

The experiments given are, in almost every fh 

which one of the authors has used in the class Th 

aim has always been to give the simplest expen t ( d 
the one requiring the simplest apparatus) that 11 t b 
lish the required fact. 

Some two years ago, one of the authors wa i p t d 
teacher of Physics in the Cambridge High & 1 1 H 
at first tried text-books, but soon found that there was no 
book suitable for High School use, which would enable the 
scholar to gain any satisfactory knowledge of the present 
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state of the physical sciences. The books served only to 
confuse the scholars, and to give them a distaste for the 
study of even so interesting a subject as Chemistrj He 
then determined to throw aside te\t books a id to rely 
wholly on oral instruction. The scholars, soon becime in 
terested, and made much more rapid progress 

But there are obvious objections to instruction wholly 
oral, especially with young scholars Hence it becomes 
desirable to embody this instruction in a book wh ch the 
autJiors trust other teachers may find serviceable 

These books are not, however designed to do awij with 
oral instruction. In our school the lessoi s ihene\er it is 
possible, are illustrated by experiments before the scholar 
is called upon to recite them and the success which has 
attended this method may justify us in recommei ding it to 
other teachers. 

Part II. of the Course wil! be devoted to Sound Light 
and Heat; Part III. to Gray ty and Astronom} There 
will probably be a small supplemei tarj volume on elemen 
tary Mechanics. Part III. is nearly readj for tl e press 
and will appear next. 

Each Part will be complete m itself and of course they 
ran be used in any order ; but the order given is believed 
to be the simplest and best. 

Under Affinity the aim has been first to develop the 
great laws of combination, and then to illustrate the action 
of affinity in the processes of combustion resp ration and 
decay, the growth of plants, destructive distillation and the 
manufacture of the alkalies. 

In this Course an atom is regarded accord ng to the 
present theory, as a portion of matter die nuallv indi sibJe 
The new atomic weights, which as is well known are often 
double the old ones, are used and sufScient prominence 
is given to the doctrine of ztomtaiy or the atom fixing 
power of the elementary atoms The authors have fol 
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lowed Miller, who is regarded as the best English author- 
ity on chemistry, in using both the unitary and dualistic 
symbols of the ternary salts, according to convenience ; 
also, in using barred symbols for those elements whose 
atomic weights are no;v regarded as double the old equiv- 
alent weights. 

In Electricity, greater prominence is given to voltaic 
and magneto-electricity than to frictional electricity, since, 
in the present state of the science, and of its applications 
in the arts, they are far more important. In frictional elec- 
tricity, especial care has been taken to develop Faraday's 
beautiful theory of induction, which binds into one harmo- 
nious whole the otherwise heterogeneous mass of electrical 
phenomena. For this reason frictional electricity is pre- 
sented last. Electricity is uniformly treated as a force, 
since the hypothesis of electric fluids is cleanly out of 

The most important applications of the electric force are 
pointed out. The principles of telegraphing, electrotyping, 
plating, and gilding are fully explained. 

The decimal system of weights and measures will be 
mainly used in this Course. 

The Appendix to Part I. contains full directions for per- 
forming all experiments that are at all difficult. 

Free use has been made of all the material at our com- 
mand. Many of the woodcuts have been copied from the 
pages of standard French and English works ; the rest 
have been made from our own drawings. In preparing 
the sections on Cohesion and Adhesion we have made 
constant use of two most excellent treatises on Chemical 
Physics ; one by Prof. J. P. Cooke of Harvard College, 
and the other by Dr. W. A. Miller, of King's College, 
London. No teacher can afford to be without these 
works. The books most consulted in the preparation of 
the Chemical Affinity are Hofmann's "Modem Chem- 
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istry" (London, 1865), Part Second of Miller's "Elements 
of Chemistry " (3d edition, London, 1864), and Roscoe's 
"Elementary Chemistry" (London, 1866). Great assist- 
ance has also been derived from a variety of other 
sources. In addition to the works mentioned above, we 
would call the attention of teachers to Faraday's "Lectures 
on the Chemical History of a Candle," on "The Pliysical 
Forces," (both reprinted by the Harpers, of New York,) 
iind on " The Non-Metallic Elements " ; and Professor 
Cooke's Lectures on " Religion and Chemistry " (Scribner, 
New York). These are all most excellent books. The 
material of the Electricity has been mainly drawn from 
Faraday's "Researches in Electricity," Dr. Noad's "Man- 
ual of Electricity," and a very valuable elementary work 
on Electricity prepared for Chambers's Educational Course 
by Dr. Ferguson, and recently published (1866) at Edin- 

The authors are jointly responsible for everything in the 
book. The plan of the Course has been mainly developed 
by Mr. Gillet, who has also selected, arranged, and partially 
elaborated the material of this Part ; while Mr. Rolfe has 
given the material its final elaboration, and superintended 
the passage of the book through the press. There has 
been mutual consultation at every point. There will be 
the same division of labor in the preparation of the forth- 
coming Parts. 

Cambridge, May i, 1S67. 
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COHESION. 



1. Matter is made up of Molecules, — When a piece of ice 
is heated to a temperature of 32° it melts and becomes 
water. The parts of the ice hold togtther fiimlj while 
those of the water into which it is cornerted moie among 
themselves witli the greatest ease. \\ hen ice nells thtn, 
it is evidently resolved into minute particles wl ich retain 
but a slight hold upon one another \\z\, res 1 ieid 
iron, gold, and many other substances, albo melt when they 
are heated to a certain degree of temperature. Most sol- 
ids, then, by means of heat, can be resolved into minute 
particles, which move freely among themselves. 

If water be heated to a certain degree of temperature, it 
boils and becomes steam. Its particles are still further 
separated from one another. What is true of water in this 
respect is found by experiment to be true of other hquids. 

The particles into which a solid is resolved when it 
melts, and a liquid when it boils, are called molecules. 
Molecule means a little mass, and of these little masses 
all matter is supposed to be made up. 

2. Molecules are exceedingly small. — It is impossible to 
pulverize a solid so finely as to convert it into a liquid. 
A piece of gold may be divided into particles so small that 
each can barely be made out with the most powerful mi- 
croscope, yet the gold is solid still. When heated, how- 
ever, the pulverized gold is converted into a liquid ; tliat 
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Is, each minute piece is resolved into particles which move 
freelj among themselves Hence these molecules are 
much too small to be seen with the best micro-jcope 
3 The Moleciihs afe mt m actual contaJ — It a brass 
Fig I ball, which at the ordinary temperature will 

just pass through a nng, be plunged into a 
fieenng mixture and left until it becomes 
\ci) cold, it will then paas through the ring 
\e.ry easilj, not touching it at all \\hat is 
true of X brass ball in this respect is found 
to be t ue of every solid. 
If a bulb tl a p oject ng tube be filled with water up 
to a certain po nt on th tube, and p. 

the bulb be tl en plunged to a freez- 
ing mixture tl e v t 11 fall in the 
tube ; and tlie same is found to be 
true if any other liquid be put into 
the bulb. 

If a similar bulb be filled with air, 
and the end of the tube be held un- 
der water, and the bulb be cooled by 
means of a freezing mixture, the water 
at once rises in the tube ; showing that the air occi pies U 

f;b, ,, space when cooled The same is 

found by experiment to be true of 
other gases. 

We find, then, that solids, liquids, 
and gases contract when cooled ; and 
there seems to be no limit to this con- 
fraction, for they continue to contract, 
however much they are cooled. 

Now, when a body contracts, its 
molecules are supposed to come nearer together, and since, 
so far as we knovv, a body may continue to contract indefi- 
jiitel)', it follows that the molecules are never in actual 
contact. 
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4- The Spaces between the Mokmles are immetise in com- 
parison with the Size of the Molecttles. — Though the spaces 
between the molecules are very minute, since they cannot 
be discerned even with the most powerful microscope, there 
are good reasons for believing that they are immense when 
compared with the molecules themselves. 

The molecules of a body have been compared to the 
earth, sun, moon, and stars, and the spaces between the 
molecules to the spaces between these heavenly bodies. 
This comparison is probably very near the truth. If we 
imagine a being small enough to live on one of the mole- 
cules in the centre of a stone, as we live on the earth, such 
a being, on looking out into the space about him, would see 
here and there, at immense distances, other molecules, as we 
see the scattered stars in the heavens at night. The mole- 
cules, though exceedingly minute, are perfectly distinct and 
definite masses, like the earth, moon, and stars, and they 
are separated by spaces many thousand times as great as 
that occupied by each molecule, 

5. An Attractive and a Repulsive Molecular Force. — I f we 
attempt to pull any solid asunder, we perceive at once that 
the particles of which it is composed are held together more 
or less firmly. That which holds them together is called an 
attractive force. If a glass rod be dipped into water, a drop 
hangs from its end when taken out. This drop is made up 
of molecules which are evidently held together. In the 
case of liquids the molecules are held together but feebly, 
and the attractive .force seems to be slight. 

If a rubber bag partially filled with air, and closed so as 
to be air-tight, be placed under the receiver of an air-pump, 
and the air exhausted from the receiver, the air within the 
bag will at once expand, as is shown by the filhng out of 
the bag. The same is found to be true when the bag is 
partially filled with any other gas ; showing that gases when 
left to themselves expand, that is, their molecules separate. 
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6 COHESION, 

The force which separates, the molecules is called a re- 
pulsive force. 

Since these forces act between molecules, they are called 
molecular forces. 

6. These two Forces act together. — A brass ball (see Fig. 
i) which will just pass through a ring at the ordinary tem- 
perature, will not pass through the ring after being heated ; 
showing that the ball expands when heated. By similar 
experiments it is found that all solids expand when heated. 
While a solid is heating, then, a repulsive force must be 
acting, which separates the molecules. If, hoivever, while 
the solid is heating, we attempt to pull it asunder, it resists ; 
showing that the molecules are still held together by an 
attractive force. 

We see by the foregoing experiment that heat is the re- 
pulsive force which separates the molecules. As the tem- 
perature of the solid rises this repulsive force grows stronger 
and stronger, until it nearly equals the attractive force, when 
the solid melts, that is, becomes a liquid. 

If a glass bulb with a projecting tube (see Fig. 2) be par- 
tially filled with any liquid and then heated, the hquid rises 
in the tube ; showing that the liquid expands, and that the 
repulsive force increases. When the repulsive force exceeds 
the attractive, the liquid boils, that is, it is converted into a 
gas. 

From these facts we conclude that the attractive and re- 
pulsive forces are always acting together, and that the dif- 
ferent conditions of matter depend upon their comparative 
strength. 

7. The Three Slates of Matter.— 'When the attractive force 
is considerably stronger than the repulsive force, matter is 
in the solid state : when the two forces are nearly balanced, 
in the liquid state: and when the repulsive force is the 
stronger, in the gaseous state. 

8. Cohesion and Adhesion. — The force which holds the 
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molecules of a solid or liquid together is evidently the ex- 
cess of the attractive over the repulsive force ; for if the two 
forces were just equal, they would just neutralize each other, 
and the molecules would not be held together in the least. 

In the case of iron or water, it is evident that molecules 
of ike same kind are held together. When, however, we 
mark on a biackhoard with a piece of-chalk, or write on 
paper with ink, it is equally evident that molecules of differ- 
enl kinds are held together. 

The force which holds together molecules of the same 
kind is, csWed. cokesicn ; that which holds together molecules 
of different kinds, adhesion. 

g. These Forces act only through insensible Distances. — Twcf 
hemisph f 1 d w 1! not cohere unless perfectly smooth 

and cle dp d firmly together so as to seem to be 

in actu 1 1 they cohere quite strongly. Plates 

ofglas f ply sting upon each other in the ware- 

house, h b k n to cohere so firmly that they would 
break else be e as dily as where they came in contact 

\o. Solids. — Matter, as we have seen, exists in three 
states, the solid, the liquid, and ^zgaseous. The distinguish- 
ing characteristic of solids is that the attractive considerably 
exceeds the repulsive force. In solids, therefore, the cohe- 
sion is always considerable. The various properties of sol- 
ids result from modifications of this molecular force. 

1 1. Tenacity. — We find on trial that it is much easier to 
pull asunder a rod of lead than a rod of steel of the same 
thickness j showing that the molecules of some solids co- 
here more strongly than those of others. 

When a solid is thus pulled asunder, it is said to be rup- 
tured. The power which a solid has of resisting rupture is 
called tenacity. 

The relative tenacity of different solids is determined by 
finding how much force is required to pull asunder a rod of 
the same thickness of each of the solids. If it takes twice 
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as much force to pull asunder a rod of one of the solids as 
of another, the first is said to have twice the tenacity of the 
second. 

The relative tenacity of solids may be determined by 
means of a machine called a dynamotneter. This name is 
made up of two Greek words, and means ^rt 




Oi e form of the mach ne is represente 1 n F gu e 4 It 
consists of a heavy iron frame, at one end of which is a box 
containing a stout steel spring. A pointer connected with 
this spring moves over a graduated arc on the top of the 
box. On the frame are two movable blocks, or slides, one 
of which is attached to the spring, while the other may be 
carried backward and forward by means of a screw and 
crank. 

The rod whose tenacity is to be tried is stretched be- 
tween the two slides, and the crank is then cautiously 
turned so as to pull upon the rod until it breaks. The 
force which is thus brought to bear upon the rod bends 
the spring ; and the position of the pointer when the rod 
breaks shows how much force was required to pull the rod 
asunder. 

12. Hardness and Softness. — If we indent a piece of 
india-rubber with the finger-nail, or strike a piece of lead a 
smart blow with a hammer, we see that it is possible to dis- 
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COHESION. 9 

place the molecules of a solid. When it is easy to displace 
the molecules, as in the case of wax, the solid is called j^,- 
when it is difficult to displace them, as in the case of glass, 
the solid is called hard. 

To find which of two solids is the harder, see which will 
scratch the other. The one which scratches is always 
harder than the one scratched. Diamond is the hardest 
solid known. Because of its hardness it is used for cutting 
glass, which is also a very hard substance 

13. Elasticity, Brittkncss Ductiht\ an i Mall tbiht^ — 
When molecules ha\e been displaced one of three results 
must follow, — the> mil leturn to then origins! positions 
as soon as they are left to themselves or they will take 
up permanently new pos tions or they will fall entirely 
asunder. 

If we bend a steel rod moderatelj it straightens as soon 
as it is released si o v ng that the molecules sometimes 
tend to return to their toimer positions ifter the) have been 
displaced. This tei dencj of the moleculc'i to return to 
their original positions is calle 1 elastiat 

We find on trial that a rod of ^lass or e\ en of pipe day, 
will straighten on be ng released after being slightly bent 
Every solid has been found to be elastic 

A steel rod maj be bent a good deal and \et straighten 
when released; but if it be bent be\ond a certain pomt it 
will no longer straighten showing that the molec lies after 
they have been displaci^d bej ond a certai i limit no longer 
tend to go back to then oiigmal positiois The greatest 
extent to which the molecules of a olij Lan be d spliced 
and yet go back to their original pobit ons i-, called the 
limit of elasticity for that solid \\ h le all solids arc elast c 
they differ very much m the limit of their elasticity. The 
molecules of steel and india-rubber can be displaced a good 
deal and yet return to their original positions, while those 
of glass and pipe-clay can be displaced but slightly. 



ii> Google 



lO COHESION. 

If a glass rod be bent within a certain limit it will 
straighten when released, but if it be bent beyond this limit 
it will not remain permanently bent, but will break ; showing 
that the molecules of a solid cannot always take up perma- 
nently new positions. When the molecules cannot take up 
permanently new positions, the solid is said to be brittle. 
Hard solids are likely to be brittle also ; but hardness and 
brittleness are, as we have seen, entirely different things. 

When the molecules of a solid can take up permanently 
new positions, it is ordinarily described as malleable or due 
tile. It is said to be malleable when it can be hammered or 
rolled out into sheets ; ductile when it can be drawn out into 
wires. 

Gold is one of the most malleable of the metals. In the 
manufacture of gold leaf it is hammered out into sheets so 
thin that it takes from 300,000 to 350,000 of them to make 
the thickness of a single inch. 

The gold is first rolled out into sheets by passing it many 
times between steel rollers in what is called a rolling-ma- 
chine. The rollers are so arranged that they can be brought 
nearer and nearer to each other, pressing the gold into a 
thinner and thinner sheet every time it is passed between 
them. After it has thus been rolled out to the thickness 
of writing-paper, it is cut up into pieces about an inch 
square. These are piled into a stack with alternate pieces 
of tough paper, and beaten with wooden mallets. They are 
again cm up into small pieces and arranged in a stack with 
alternate squares of gold-beater's skin, and again beaten 
with mallets. This last process is usually repeated three 
times. 

Wire is made by drawing a rod of metal through a series 
of conical holes in a iiardened steel plate. Each hole is a 
httle smaller than the preceding, so that the rod becomes 
lengtliened and diminished in thickness as it is drawn 
through one after another, A machine for drawing iron 
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wire is represented in Figure 5. It consists of a reel on 
■wliich the coarser wire is wound, a drawing-plate tlirougli 




whiL.li it n pulled and a dmm 

The drum is turned bj wht-cl work which is out of si^ht 

under the table 

The drawing of iron wire is attended with the following 
curious result The molecules are separated m the driu 
ing yet the teraLit\ of the iron is greatly increised so that 
fine iron wire is the most tenacious of substances. A bar 
one inch square of the best Brout,htiron will sustain 1 
T,\ eight of thirty tons a bundle of wires one tenth of an 
inch in diameter containing the same quantity of niatcrnl 
will sustain a weight of from thirtj si\. to for(\ tons and 
if the wires have a diameter of rnly one twentieth or one 
thirtieth of an inch the same quantity will sustain from 
Sixty to ninet} tons Hence cables made of fine iron wire 
twisted together are much stronger than bars or chains of 
the -ame weight The cables of suspension bridges are 
made m this wa^ 

The foUo^\ing table gives the most useful metals in the 
order of their tenacity mallcibility (botb under the ham 
mer and the rolling mill), and ductility — 
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COHESION. 






Malkab{!ili- under 


Malleiilimiy under 




Teiiacni'. 






DuctilHy. 


Iron 


Lead 


Gold 


Platinur 


Copper 


Tin 


Silver 


Silver 


Platinum 


Gold 


Copper 


Iron 


Silver 


Zinc 


Tin 


Copper 


Zinc 


Silver 


Lead 


Gold 


Gold 


Copper 


Zinc 


Zinc 


Lead 


Platinum 


Platinum 


Tin 


Till 


Iron 


Iron 


Lead 



14. Solids are somewhat Compressible. — Pieces of oak, 
ash, or elm, plunged into the sea to the depth of 2,000 
metres (about 6,560 feet) and drawn up after two or three 
hours, have been found to be compressed into about half 
their former bulk. Some metals are permanently dimin- 
ished in bulk by hammering ; and so also by the pressure 
to which they are subjected in the process of coining. The 
stone columns of buildings are frequently shortened by the 
great weight resting upon them. This vvas found to be the 
case with the columns supporting the dome of tlie Pantheon 
at Paris. 

15. T/ie Arrangement of Ike Molecules. — If alum be 
added to hot water as long as it will dissolve, and then the 
water be allowed to cool slowly, a part of the alum will be 
deposited on the bottom of the dish, not in a confused mass, 
but in beautiful and symmetrical forms. Such symmetrical 
forms are called crystals. If saltpetre, nitrate of baryta, or 
corrosive sublimate be treated in the same way, beautiful 
crystals will be formed, but in each case the crystals will 
have a different shape. 

If sulphur be melted in a crucible, and then allowed to 
cool slowly till a crust forms on the surface, on carefully 
breaking the crust and pouring off the remaining liquid the 
crucible will be found lined with delicate needle-shaped 
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COHESION. J 3 

crystals. In the same way crystals of bismuth and many 
of the metals may be obtained. j.^ ^ 

The cohesive force, then, not only 
holds the molecules of a solid to- 
gether, but when it is free to act it 
often arranges these molecules in 
regular order, building them up into 
forms of great beauty. 

In the cases of the formation of 
crystals which we have already de- 
scribed, the solid is first brought to 
the Hquid state, and Ihen allowed slowly to return to the 
solid state again. The solid was first reduced to a liquid 
that the molecules might have freedom of motion. The 
building of a crystal out of molecules is much hke building 
a house out of bricks. The bricks must be taken one by 
one and laid in regular order before they are cemented to- 
gether. So in forming a crystal, the molecules must be 
arranged one by one in regular order before they are fast- 
ened together by the cohesive force. 

Large crystals of many solids can be obtained by dissolv- 
ing as much of the solid as is possible in cold water, and 
then setting it away in a shallow dish where it will be free 
from dust and disturbance, and allowing the water to evap- 
orate very slowly. The more gradual the formation, the 
larger arc the crystals. The large crystals seen in cabinets 
of minerals were probably centuries in forming. The water 
in which the solid was dissolved found its way into a cavity 
of a rock and there slowly evaporated. 

The tendency of the cohesive force to form the molecules 
into crystals is strikingly shown in cannon which have been 
many times fired, and in shafts of machinery and axles of 
car-wheels which are continually jarred. Such bodies often 
become brittle, and on breaking show the smooth faces of 
the crystals which have been formed. The continued jar- 



3d b, Google 



ring gives tlie molecules a slight freedom of motion, and 
crystals are slowly built up. 

Many solids are crystalline in structure which do not ap- 
pear to be so. Thus a piece of ice, as we shall prove else- 
where, is a mass of the most perfect crystals, but they are so 
closely packed together that we cannot readily distinguish 
them. There is a large class of solids, however, as the fats, 
which cannot be crystallized. 

16. The Molecules cohere more strongly on some sides than 
on others. — It is easy to cleave a piece of mica in one di- 
rection, but difficult to cleave it in other directions. The 
same is true of all crystals. It is much easier to cleave 
ihern in certain directions than in others. This is also the 
case with some substances which are not crystalline, as 
wood, which splits readily in one direction only. These 
facts prove that the molecules cohere more strongly on some 
sides than on others. Iron and other solids are not so te- 
nacious when crystalline in structure as when not crystal- 
line. This is because the molecules in crystals are ar- 
ranged in layers, so that the weakest sides are brought face 
to face. 

17. Annealing and Tempering. — If melted glass be 
dropped into cold water, it forms the well-known Ruperts 
drops, which are so brittle that, if we break off the small 
end or scratch them slightly with a file, they fly in pieces. 
When glass is alloived to cool in the air at the ordinary tem- 
perature, it is also very brittle. In order to make it tough 
enough for ordinary use, it must be cooled very slowly. 
This slow cooling of glass or other substances is called an- 
nealing. Glass is annealed by passing it slowly through a 
long oven, which is kept very hot at one end and cool at 
the other. It is usually about two days in passing through 
the oven. 

Steel, also, when suddenly cooled from a high temperature, 
is very hard and brittle, but when slowly cooled it is very 
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tough and pHable. The process of bringing steel to the 
various degrees of hardness requisite for its uses in the arts 
is called tempering. Steel is usually tempered in the follow- 
ing manner. It is first heated white hot, and then suddenly 
cooled by plunging it into cold water. It is thus rendered 
very brittle. It is then reheated and allowed to cool slowly. 
When it is to be made quite hard, it is reheated but slightly ; 
when quite soft, it is reheated a good deal. The more it is 
reheated, the softer it becomes on cooling. These different 
conditions of glass and steel are probably owing to differ- 
ences in the arrangement of the molecules. 

18, Ziqttids. The distinguishing characteristic of liquids 
is that the attractive and repulsive forces acting between 
the molecules are very nearly balanced, the attractive force 
being slightly in excess. Hence in liquids the cohesion is 
slight, and the molecules are free to move among them- 
selves. 

If a piece of lead be carefully measured, then melted and 
measured again, it will be found to have increased in bulk. 
The same is true of nearly all solids. Hence, when any 
substance is in a liquid state, the molecules are farther apart 
than when it is in a solid state. This explains why, in 
moulding bullets, the mould is never quite filled by the 
bullet 

There are, however, a few marked exceptions to this rule. 
It is well known, for instance, that if a bottle be filled with 
water and tightly corked, and allowed to freeze, the bottle 
will be burst. Tliis shows that the molecules of ice are 
farther apart than tliose of water. 

19. Liquids are but slightly Compressible. — The apparatus 
represented in Figcre 7 consists of a very thick vessel of 
glass closed at top and bottom. ^Vithin the vessel are a 
piston which can be moved by the thumb-screw at the top, 
and a glass bulb which is prolonged by a very fine tube 
bent as represented. Fill the bulb and tube with any liquid, 
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as water, and plunge the end of the tube in the mercury 
j.i^ , whichcovers the bottom of the ves- 

sel. Then fill the vessel with water, 
and apply pressure by turning the 
screw The mercury will rise in 
the tube showing that the liquid 
jn the bulb has been compressed. 
This compression, however, is but 
slight, amounting at most to a few 
mihionths of the bulk of the liquid. 
20 Liqmis are perfectly Elastic. 
— Iloivevermuch the screw, in the 
above expcr ment, may be turned 
down or however long it maybe 
left on loosening it the mercury 
will at once fall inside the tube to 
a leiel with the mercury outside j 
showmg thit liquids are perfectly 
elastic This elasticity is, however, 
developed only when the liquid is 
compressed that is, when the mole- 
cules haie been brought neater together. In whatever 
other waj the molecules ma\ be displaced, they show no 
tendencv to return to their former positions. 

21. The At rangement of Molecules in Liquids. — If a mix- 
ture of water and alcohol be made so as to be just as heavy 
as sweetHDil bulk for bulk, and a quantity of the oil be care- 
fully introduced into the centre of this mixture by means 
of a dropping- tube, the oil will neither rise nor sink, but 
gather into a beautiful sphere. This experiment shows that 
when the molecules of a liquid arc left to themselves, they 
at once collect into spheres. What hinders the molecules 
of liquids from always taking this spherical form will be 
explained further on. 
Rain-drops, dew-drops, and the manufacture of shot illus- 
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trate this tendencj nf the molecules of liquids. In the 
manufacture of shot, melted lead ia poured through a sieve 
at the top of a \ery high torter and the drops in falling 
take the form of spheies, which become solid before they 
reach the bottom. 

22. Gases. — In gises as his ahead} been shown, the 
repulsive molecuUr force exceeds the attractive. Hence 
there is no cohesion in this state of mitter, and the mole- 
cules move among themselves with gieater freedom than 
those of liquids. 

The molecules of anj substance are farther apart in the 
gaseous state than m either the solid or 1 quid state. Tilts 
may be shown by filling p 3 

a test-tube nearly full of 
water, then closing it 
tightly with a cork through 
which a fine tube passes 
neatly to the bottom of the 
test-tube. On boiling the 
water so as to convert a 
portion of it into steam, 
which is a gas, the water is 
driven forcibly out of the fine tube ; showing that the steam 
occupies more space than the water from which it comes. 
Fig. 9, 23. Gases are readily 

Compressible. — The fig- 
ure represents a U-tube 
closed at one end and 
open at the other, with a 
nipper-tap* at the bend. 
Pour in mercury enough 
to cover the bend. The 
. closed end is now filled 
\ with air. Pour in more 
* See Appendix, i. 
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mercury, and this column of air rapidly sliortens. The 
same would be true if the closed end of the tube were 
filled with any other gas; showing that gases are highly 
compressible. 

24. Gases areferfedly Elastic. — Open the nipper-tap that 
the mercury may run out, and it is entirely driven out of the 
closed arm of the tube. To prove that it is the elasticity 
of the air which drives out the mercury from this arm, fill 
the closed arm and a part of the open arm with mercury, 
and open the nipper-tap. The mercury will flow out from 
the open arm, and not from the closed arm. 



SUMMARY OF COHESION. 

Matter is made up of definite but insensible masses, 
called molecules, (i, 2.) 

These molecules are not in actual contact with one 
another. {3.) 

It is probable that the spaces which separate the mole- 
cules are immense in comparison with the size of the 
molecules themselves. (4.) 

By trying to pull a solid in two we learn that there is 
an attractive molecular force, which holds the molecules 
together. 

By placing a rubber bag partially filled with a gas under 
the receiver of an air-pump, and exhausting the air, we find 
that there is also a repulsive molecular force, which pushes 
the molecules apart, (g.) 

Since the molecules of a solid may separate on being 
heated, and yet hold firmly together, we conclude that 
these two molecular forces act together, and that the repitl- 
iive molecular force is increased by heat. (6.) 
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We find that there are three states of matter, depending 
upon the relative strength of these two forces : the solid 
state, in which the attractive force is considerably the 
greater; the liqtdd state, in which the two forces are 
nearly equal; and the gaseous state, in which the repul- 
sive force is the greater. (7.) 

The force which holds together molecules of the same 
kind is called Cohesion; that which holds together mole- 
cules of diffirent kinds, Adhesion. (8.) 

Cohesion is the excess of the attractive over the repul- 
sive molecular force. In solids, it is comparatively strong ; 
in liquids, it is weak ; in gases, it does not exist. 

The properties of solids depend on the action of the 
cohesive force. (10.) 

The tenaeity of a solid is its power of resisting rup- 
ture, (ii.) 

A solid is called hard when it is difficult to displace its 
molecules ; soft, when it is easy to displace them. (12.) 

Elasticity is the tendency of the molecules, on being dis- 
placed, to return to their original positions. All solids 
are elastic, but differ greatly in the limit of their elasticity. 

A solid is said to h& bt itile -whtn its molecules cannot 
take up permanently new positions. 

It is said to be malleable or ductile when they can take 
permanently new positions : malkahle, when it can be 
hammered or rolled into sheets ; ductile, when it can be 
drawn into wire. (13.) 

Solids are somewhat compressible. (14.) 

The cohesive force often arranges the molecules of a 
solid into regular forms, called crystals. (15.) 

Crystals can be split more easily in some directions 
than in others, showing that the cohesive force is stronger 
on some sides of the molecule than on others. {16.) 

The molecules are farther apart in the lit^uid than in 
the solid state ; yet liquids are less compressible than sol- 
ids. (19.} 
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Liquids are perfectly elastic; but their elasticity is de- 
veloped only when the molecules are brought nearer to- 
gether. (20.) 

The molecules of a liquid, when acted upon only by 
cohesion, tend to collect into spheres. (21.) 

In the gaseous state, the molecules are farther apart than 
in the liquid state. (23.) 

Gases are readily compressible, and when compressed are 
perfectly elastic. (23, 24.) 
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35. Ad/iesion between Solids and Solids. — Adhesion has 
already been defined as the force which holds together un- 
like molecules. 

The sticking of the chalk to the blackboard, of the graph- 
ite of the pencil to paper, and of dust to furniture, prove 
the existence of this force between solids and solids. The 
use of the various cements also illustrates this force, and 
also the fact that some solids adhere to a given solid more 
strongly than others. If we wish to fasten two pieces of 
wood together, we use glue ; if two bricks or stones, we use 
mortar, or some calcareous cement ; if two pieces of glass, 
sealing-wax, or some resinous substance. Stone adheres to 
mortar more strongly than wood or glass, and wood adheres 
to glue more strongly than stone or glass. 

When solids are held together by cements, cohesion and 
adhesion are both brought into play. When, for instance, 
two pieces of wood are held together by means of glue, the 
adhesive force holds the wood on each side to the glue, and 
cohesion holds togetJier the molecules of the glue. 

When furniture breaks, we often see that the wood splits 
instead of separating from the glue. So also stones are 
sometimes cemented together so firmly that the stone itself 
will break sooner than separate from the cement. These 
facts show that the adhesive force between two solids is 
frequently stronger than the cohesive force of the solids 
themselves. 



3d b, Google 



24 ADHESION. 

26. Adhesion hetwem Solids and Liquids. — If we dip the 
hand in water it comes out wet. This, and similar facts 
equally familiar, prove that there is also an adhesive force 
between liquids and solids. 

27. The Adhesion beiwem a Liquid and a Solid is sometimes 
not strong enough to overcome the Cohesion of the Liquid. — If 
a glass disc be suspended from one pan of a balance and 
counterpoised by weights, and then brought in contact with 




mercuiy, it will require additional we ght to ra se the disc 
from the mercury, ad tl e d sc con es off drj This 
proves, first, that there s adl es on bet een glass and 
mercury, and, secondlj that th s adhes on s 1 ot strong 
enough to overcome tl e cohes on of the mercu ■) 

28. The Adhesion between a Solid and a Liquid is sometimes 
strong enough to overcome the Cohesion of the LAquid. — If a 
glass plate be laid upon the surface of water and then re- 
moved, it comes off wet, that is to say, covered with a film 
of water ; showing that the adhesion between a solid and 
liquid is sometimes strong enough to overcome the cohe- 
sion of the hquid. 

Since adhesion takes place only at the surface, it is evi- 
dent that we may increase the adhesion of a solid for a 
liquid by increasing the surface of the solid. 
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If we take any solid, as a stone, and break it in two, the 
stone e\'idently has all the surface it liad before it was 
broken, and, in addition, the two surfaces exposed by the 
breaking. Hence the more a solid is broken up, the more 
surface it exposes. The readiest way, then, to increase the 
surface of a solid is to pulverize it. 

If pulverized bone-black be mixed with ordinary vinegar, 
or with wine, and the liquid be separated again by pouring 
the mixture upon a piece of unsized paper placed inside a 
funnel, every trace of color will be removed from the liquid. 
All vegetable colors can be removed from liquids in the 
same way. Removing the color from a liquid in this way 
is called clarifying the liquid. 

Bone-black is obtained by burning bones in closed ves- 
sels. It is pulverized that it may present more surface. 
Other substances are sometimes used for clarifying liquids. 
Next to bone-black, or " anima) charcoal," as it is sometimes 
called, ordinary charcoal is the best and the most frequently 
used. The bone-black evidently removes the coloring mat- 
ter by means of the adhesive force which exists between 
the two. It is also evident tliat the coloring matter adheres 
to the bone-black more strongly than to the liquid, else the 
two would not be separated. 

Use is made of this propeity of charcoal in the refining of 
sugar. The dark-colored syrup which is obtained from the 
cane is first filtered through long sacks filled with coarsely 
pulverized charcoal. In this way all the color is removed. 
The colorless syrup is then evaporated and forms white sugar. 

29. The Adhesion between a Solid and a Liquid is somelimes 
Strang enough to overcome the Cohesion of the Solid. — If some 
Epsom salts be put into water, the salts will speedily be re- 
duced to the liquid state. The adhesive force between the 
water and the salts has evidently overcome the cohesive 
force of the solid, since it has reduced ihe solid to the 
liquid state. 
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30. Summary. — We have, then, three well-mailicd casca 
of adhesion between solids and liquids : — 

ist. When the adhesive force is not strong enough to 
overcome the cohesion of the liquid. In this case the 
liquid cannot wet the solid. 

zd. When the adhesive force is strong enough to over- 
come the cohesion of the liquid. In this case the liquid 
can wet the solid. 

3d. When the adhesive force is strong enough to over- 
come the cohesion of the solid. In this case the liquid can 
dissolve the solid. The liquid which dissolves the solid is 
called a sotveni, and the liquid in which tlie solid has been 
dissolved is called a solution. 

31. Heat promotes Solution. — We find on trial that Epsom 
salts will dissolve more rapidly and in greater quantity in 
hot than in cold water. This is as we should expect, since 
we have already found that heat tends to overcome cohe- 
sive force. As a general rule, solids dissolve in greater 
quantities and more readily in hot than in coid liquids, but 
there are exceptions. 

32. Different Solids are not equally soluble in tlie same 
Liquid. — If we put a piece of sealing-wax into water, it does 
not dissolve at all ; while water will dissolve about twice its 
bulk of Epsom salts. If we compare other solids in the 
same way, we shall scarcely find any two which dissolve 
with equal readiness in the same liquid. 

33. The same Solid is not equally soluble in different 
Liquids. — Sealing-wax, which does not dissolve in water, 
dissolves quite readily in alcohol. This shows that the 
same solid does not dissolve with the same readiness in 
different liquids. 

34. Capillarity. — If one end of a fine and clean glass 
tube be put into water, the water will be seen to rise inside 
the tube above the surface of the water outside. If one 
end of a similar tube be put into mercury, the mercury will 
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be seen to fall inside the Lube below the surface of the mer- 
cury outside. This action of liquids inside tubes is called 
capillarity. The force wliich draws some liquids into tubes 
and pushes others out, lias been called capillary force. Tiiis 
name is a convenient one, and we shall retain it, though, as 
we shall sliow elsewhere, capillarity results from the com- 
bined action of certain other forces. 

We have seen already that water will wet glass, while 
mercury will not. We have, then, two well-marked cases 
of capillarity, corresponding to two cases of adhesion be- 
tween solids and liquids ; for those liquids which will wet 
a tube are drawn into it, while those which vvill not wet it 
are driven out. Mercury will wet zinc, and it is drawn into 
a tube of zinc, just as water is into a tube of glass. 

We fmd by using glass tubes of d fere t s 
finer the tube, the higher the 
ter rises and the lower the u e 
cury falls, that is, the more marked 
is the capillarity. This fact e\ 
plains the name. The word cap h 
lary comes from a Latin wo d 
{capiUaris) which means hair-Ik 
The force was called capillary be 
cause its action is most powerf r 
force, however, acts in tubes 
of every size, and in fact a 
tube is not necessary for its 
action ; as may be seen by 
putting two plates of glass 
together as represented in the — 
figure, and then dipping tliem 
into water or mercury. The 
water will rise between the '^- 
plates, and the mercury fall. 

35. Illustrations of Capillarity. ~ 




■A lair.p-wick is full of 



3d b, Google 



28 ADHESION. 

tubes and pores, and capillary force draws the oil up through 
these to the top of the wick, where it is burnt. IVhen one 
end of a ciolli is put into water, capillary force draws the 
water into the lubes and pores of the cloth, and the whole 
soon becomes wet. In the same way a lump of sugar, or 
other porous substance, soon becomes ivet throughout. If a 
corner of it is put into water. Blotting-paper is full of pores 
into which the capillary force draws the ink. The use of a 
towel for wiping anything which is wet depends on the same 
principle. 

36. Strength of the Capillary Force. — It is well known 
that, when a piece of cloth is wet, it is almost, if not quite, 
impossible to wring or squeeze it dry. This shows that the 
capillary force which holds the water into the pores of the 
cloth is vei7 strong. Some solids, as wood, swell on be- 
coming wet. If holes are drilled into a granite rock, and 
dry wooden plugs driven into them, and water poured over 
the ends of the plugs, the capillary force draws the water 
into the pores of the wood, which swells and splits the rock. 
This is a striking illustration of the strength of the capillary 
force. 

37. Capillary Force never causes a Liquid to flow through 
a Tube. — If a glass tube be so fine that the capillary force 
will draw water into it to the height of two inches, and the 
tube be then lowered so that not more tlian half an inch 
shall be above the surface of the water, the water will not 
overflow the tube. If, however, the water be removed as 
soon as it comes to the top, more will rise in the tube to 
lake its place. 

When a lamp is burning, the oil is passing up continually 
through the wick, because it is burned as soon as it reaches 
the top ; but when the lamp is not burning, the oil does not 
overflow the wick. The wick of an alcohol lamp must be 
covered with a cap when the lamp is not burning, otherwise 
the alcohol will evaporate as fast as it comes to the top of 
the wick, and so all pass out of the lamp. 
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35. Adhesion between Solids and Gases. — If a small glass 
jar inverted over mercury be filled with ammonia gas,* and 
a piece of boxwood charcoal, previously heated to redness 
and cooled by plunging it into the mercury, be introduced 
into the jar, the mercury rapidly rises into the jar, and, if 
the piece of coal is large enough, entirely fills it. The 
ammonia gas, then, has been drawn into the charcoal by an 
adhesive force ; proving the existence of adhesion between 
the molecules of a solid and those of a gas. When a gas is 
taken «p in this way by any substance, it is said to be alh 
sorbed. 

If we try other solids instead of charcoal, we shall find 
that no two absorb ammonia gas with equal readiness. 

If a piece of boxwood charcoal be introduced into a jar 
of air inverted over mercury, the mercury rises in the jar 
very slowly ; showing that different gases are not absorbed 
with equal readiness by the same solid. 

When the ammonia gas is absorbed by the charcoal, as 
in the above experiment, it evidently occupies less space 
than before. When a gas is absorbed by a solid, then, the 
repulsive force of the gas has to be overcome. We have 
already seen that cold helps to overcome the repulsive 
force. Hence we should expect that a solid would absorb 
a gas when cold more readily than when hot. Experiment 
shows this to be true. 

Heat, on the other hand, increases the repulsive force. 
If a solid which has absorbed a gas be heated, the repul- 
sive force of the gas is increased, so that it finally over- 
comes the adhesion of the solid for the gas, which then 
leaves the solid. The charcoal is heated before it is intro- 
duced into the jar, in order to drive all the air out of its 

39. Adhesion between Liquids and Liquids. — If oil be 
poured upon water, the oil, which is the lighter, soon rises 
* See Appendix, z. 
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to the top and remains entirely separate from the water. 
If, however, alcohol, which is also lighter than water, be 
poured into water, the two will thoroughly mix. This may 
be made evident to the eye by using colored water. 

The fact that the alcohol remains mixed with the water 
proves that the molecules of the alcohol must adhere to 
those of the water, and that this adhesion is strong enough 
to overcome the cohesion of the liquids. 

Nearly all liquids will mix when poured together, though 
some will mix much more readily than others. 

40. Diffusion of Liquids. — If some colored alcohol be 
put into a tall glass jar, and then, by 
means of a funnel and a long tube reach- 
ing to the bottom of the jar, some water 
be carefully poured in, the water will re- 
main a short time at the bottom of the 
jar, and its separation from the alcoho! 
will be sharply defined. On standing a 
few days, the liquid will become of the 
same color throughout ; showing that the 
alcohol and water have mixed. This 
mixing of liquid on bemg merely brought 
into contict is callef diffusion of Itqmds 
Ditfeient liquids diffuse into each other 
at \ciy diffeient rates while some as od 
T.nd water mil not diffu e it all 

41 Osmose of L quids — If 1 bladder 

be fastened an ti^ht to the end of a lon^, 
glass tube and the bladder be filled n itli alcoh d1 ^nd intro 
duced into a vessel of water the liquid w 1! grad ullj rise 
in the tube showing that the natei has pa sed into the 
bladder At the same time the alcohol piases slowly out 
and mixes with the water. 

The mixing of liquids when separated by a thin mem- 
brane or porous substance is called osmose of liquids. 
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Liquids do not mix at the same rate when separated by 
a thin membrane or porous substance as when they mix by 
simple diffusion. The rate of mixing is modified in a strik- 
ing manner by the presence of the membrane or porous 
substance. If, in tlie above ^.^ 

experiment, we substitute 
a small collodion balloon 
for the bladder, the liquid 
will fall in the tube, show- 
ing that now the alcohol 
passes out more rapidly 
than water passes in. 

The ca^es of osmose 
ahead) given haie been 
exphmed as the com 
bined ettect of capillar 
ity and diffusion In the 
first case thewatei which 
will wet the Ijladder much 
more readily than ako 
hoi is drann b) cipdh 
r> force into the minute 

porea of the bladier and thus is cained to its mini 'luifice, 
whcic coming in contact with the alcohol it dilfuses into 
it. As the water is thus removed as fast as it comes to the 
inner surface, a constant flow is maintained through the 
pores of the bladder. At the same time tlie alcohol passes 
out slowly by diffusing through the water which fills the 
pores of the bladder. In tlie second case, the alcohol wets 
the collodion more readily than the water does ; hence the 
more rapid flow is in the opposite direction. 

Capillarity and diffusion, which explain these cases of 
osmose so satisfactorily, will by no means explain all cases. 
No satisfactory explanation has yet been given of the vari- 
ous ways in which the presence of the membrane afi'ects the 
rate of mixing. 
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42. Adhesion between Liquids and Gases.— YsX. a small 
glass jar inverted over mercury be filled with ammonia gas, 
and then some water be poured over the surface of the mer- 
cury. If now the jar be carefully raised, the monient the 
mouth of the jar comes in contact with the water, the latter 
rises and completely fills the jar; showing that the ammo- 
nia has been absorbed by the water, and consequently that 
the molecules of the gas adhere to those of the water. 

The same gas is not absorbed with equal readiness by all 
Jiquids, as is shown by the fact that ammonia gas, which is 
absorbed so greedily by water, is not absorbed at all by 
mercury. The same liquid does not absorb all gases with 
equal readiness, as is shown by inverting a jar of air over 
water. The air is absorbed scarcely at all. 

43. Cold and Pressure promote Absorption. — When a gas 
is absorbed by a liquid, as well as when absorbed by a solid, 
the molecules are brought nearer together and the repulsive 
force overcome. Both cold and pressure, as we have seen, 
help to overcome this force ; hence they favor the absori>. 
tion of a gas by a liquid. 

The effect of pressure on the absorption of a gas by a 
liquid is illustrated in soda-water. Soda-water owes its 
agreeable taste mainly to the presence of carbonic acid gas 
in the water. Water and carbonic acid are brought into 
contact in the fountain, and subjected to very great pres- 
sure. When the water is drawn from the fountain this 
pressure is removed, and the carbonic acid which had been 
taken up by the water escapes in thousands of little bubbles, 
causing the liquid to foam, or effervesce. 

Ordinary liquid ammonia, or aqua ammonia, is a gas ab- 
sorbed by water. If this liquid be heated, the ammonia 
gas escapes. The heat increases the repulsive force of 
the gas, and thus enables it to overcome its adhesive force 
for the liquid. The ordinary way to free a liquid from an 
is to heat it. 
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Common spring-water owes much of its pleasant taste to 
the presence of carbonic acid and otiier gises whicli it ab- 
sorbs from the air. When thib nata is boiled these gases 
escape, and it becomes ^ery insipid The constant agita- 
tion of running water helps it to absorb gaaes, since it is 
tlius made to present more surface to the air 

44. Diffusion of Gasa —Two bottles are connected by 
a long glass tube. Thelower j.^ ^^ 

bottle is then filled with car 
bonic acid and the upper 
with hydrogen gas, which is 
very much lighter than car 
bonic acid.* After t time 
the hydrogen will be found 
to have' passed donn and 
mixed with the heavier en 
bonic acid, and the carbon- 
ic acid to have mixed w ith 
the hydrogen in the upper 
bottle. 

The presence of the car 
bonic acid in the upper bottle 
may be proved by pouring 
into it lime-water,t which 
on shaking becomes of a 
milk-white color. Hidrogen has 

The mixing of gases when brought into contact is called 
diffusion cf gases. 

Different gases diffuse into each other at very different 
rates. As a general thing, the more the gases differ in 
weight, the more rapidly they diffuse into each other. 

45. Osmose of Gases. — A long glass tube is fastened air- 
tight, by means of a cork and sealing-wax, into the open 

* See Appendix, 3. See Appendix, 4. 




effect Upon llme- 
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end of an imglazed porcelain cup such as is used in a Eun- 
sen's or Grove's battery. The cup is then held so that the 
end of the tube dips beneath 
the surface of water, and a 
large bell-jar of hydrogen* is 
held over the cup. There is 
an instant rush of bubbles 
from the end of the tube up 
through the water, showing 
that the hydrogen has passed 
tlirough the pores of the cup 
and mixed with the air inside. 
Remove now the jar of hydro- 
gen, and the water at once 
rises in the tube, showing that 
the hydrogen inside the cup 
has passed out through the 
pores to mix with the atr out- 
side. 

The mixing of gases when 
separated by a porous sub- 
stance or thin membrane is 
called 05}mse af gases. 
The diifiision and osmose of gases point to the exist- 
ence of adhesion between molecules of different gases ; 
but the existence of this adhesion has not been fully es- 
tablished.t 




* See Appendix, ;. 



t See Appendix, 6. 
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SUMMARY OF ADHESION. 

Adhesion is the force which holds together molecules of 
different kinds. 

It acts between molecules of solids and solids, solids and 
liquids, solids and gases; also between liquids and liquids, 
and liquids and gases. It is doubtful whether there is any 
adhesion between the molecules of different gases. 

The adhesive force between two solids is sometimes 
greater than the cohesive force of the solids them- 
selves. (25.) 

There are three cases of adhesion between solids and 
liquids : — 

ist When the adhesion is not Strong enough to over- 
come the cohesion of the liquid, and the liquid cannot wet 
the solid. 

2d. When it is strong enough to overcome the cohesion 
of the liquid, and the liquid can wet the solid. 

3d. When it is strong enough to overcome the cohesion 
of the solid, and the liquid can dissolve the solid, (ztl - 30.) 

Heat generally promotes solution, since it helps to over- 
come the cohesion of the solid, (31.) 

The same liquid dissolves some solids more readily than 
others ; while some liquids dissolve the same solid more 
readily than others do. (32, ^^.^ 

Capillary force is a force acting upon liquids within 
tubes. 

Liquids which can wet a tube are drawn into it by the 
action of this force, while liquids which cannot wet it are 
driven out of it. 

The finer the tube, the more marked is the capillar- 
ity. (34-) 

The capillary force is a very strong force ; but acting 
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alone it never causes a liquid to flow through a tube. (36, 
37-) 

When a gas is absorbed by a solid or by a liquid, the ad- 
hesive force between the molecules of the solid or liquid 
and those of the gas must be strong enough to overcome 
the repulsive force of the gas. {38, 42.) 

Heat hinders absorption, since it increases the repulsive 
force between the molecules of the gas. Hence gases ab- 
sorbed by solids or liquids can be separated from them by 
means of heat. (38,43-} 

The same solid or liquid absorbs some gases more readily 
than others ; while the same gas is absorbed by some sol- 
ids or liquids more readily than by others. (38, 42.) 

The adhesive force between the molecules of different 
liquids causes the liquids to mix. The mixing of hquids 
on merely coming in contact with each other is called dif- 
fusion of liquids. {40.) 

Liquids also mix when separated by a thin membrane 
or porous substance. This mixing is called osmose of 
liquids. {41.) 

Gases, like hquids, mix by diffusion and by osmose. 
(44- 45 ■) 
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46. Action of Potassium and Sodium on Water. — If a 
piece of potassium be thrown upon water, it burns witli a 
rose-colored iiame, and rap- 
idly disappears. A piece of 
sodium when thrown upon 
water moves briskly about 
with a hissing sound, and 
soon disappeirs, but nith 
outflame. Whti, howe\er, 
the sodium is kept still by , 
putting, it upon blotting 
paper which lies upon the 
surface of the water, it burns «ith a jellow flame 

In both CT^ea the metal disappears, and the w iter ippar- 
rently remains unchanged But if a stiip of red litmus- 
paper be put into the water on nhich the sodium 01 potas- 
sium was burned it ti: if it once to 1 blue color, showing 
that the water lias also been changed ; for ordinary water 
has no effect on red litmus-paper. 

If a piece of sodium be put into a small metallic cup 
pierced with holes and provided with a handle, and the cup 
be quickly introduced bottom upward under the mouth of a 
test-tube previously iilled with water and inverted over a 
vessel of water with its mouth dipping beneath the surface, 
bubbles of gas rise from the cup and soon fill the test-tube. 
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If now the test-tube be rjused from the water and a lighted 
taper applied to its mouth, the gas takes fire with a slight 
explosion, and burns with a pale bluish flame. 



"""^ ^^^'^^f 




This gas IS called hydtogtn Its extreme hghtnes'; and 
the peculiar way in which it takes fiie and bums serve to 
distingui h it from other gases Its lightness may be shown 
by the following simple experiment Fill a test tube with 
hydrogen and hold it mouth dow nw ird for some tune then 
apply a lighted taper, and it will still be found full of hydro- 
gen. Fill it again, and hold it mouth upward, and after a 
little time apply a lighted taper, when the hydrogen will be 
found to have wholly escaped. It is so light that it rises 
through the air as a cork rises through water. 

47. Whence does the Hydrogen come? — In Figure 19 we 
have a U-tube open at both ends. In each of its arms is 
put a small graduated glass bell-jar. At the bend of the 
tube directly under each jar a platinum wire passes through 
the glass. This wire is flattened on the inside and termi- 
nates in a hook on the outside. The whole apparatus is 
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filled with water, and one of the platinum wires is connected 
with the zinc pole, and the other with the platinum pole of a 
Grove's battery.* As soon as these con- y:-. 19. 

nections are made, bubbles rise from each 
platinum wire, and the bell-jars slowly fill 
witli gas. 

When the jars are full, remove the one 
which has been connected with the zinc 
pole, and bring a lighted taper to its 
mouth. The gas takes fire with a slight 
explosion, and is recognized at once as 
hydrogen. 

Remove the other jar, hold it mouth upward, and plunge 
into it a splinter of wood with a spark of fire on its end. 
The splinter at once bursts into a flame, and the gas does 
not burn. This gas is called oxygen. 

We conclude, then, that the hydrogen in the previous ex- 
periment came from the water, and that it was set free by 
the sodium ; and tliat besides hydrogen there is another gas 
in water called oxygen. 

48. Are these ihe only Substances found in Water 1 — If a 
jet of hydrogen be burned in a jar filled with oxygen,t and 
the heated gases be conducted through a cold glass tube, 
moisture collects on the sides of the tube, trickles down, and 
drops from the end, and may be caught in a wine-glass. 
This liquid resembles water ; and if we drop a little of it on 
a piece of potassium, the latter takes fire and burns with a 
rose-colored flame, showing that the liquid really is water. 
This water can have been formed from nothing else than 
hydrogen and oxygen, hence there can be nothing else in 
water. 

49. Compound Substances and Elements. — \^& see, then, 
that water can be separated, or decomposed, into two gases, 
hydrogen and oxygen. Substances which, like water, can 

* See Appendk, 7. t See Appendix, B. 
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be decomposed into other substances, are called compound 
substances. 

It has hitherto been found impossible to decompose 
either hydrogen or oxygen. Substances which, like oxygen 
and hydrogen, cannot by any known process be decom- 
posed into simpler substances, are called elements. 

Only sixty-five elements are known, and thirteen out of 
these sixty-five, combining in various ways, make up almost 
the whole of the substances found in and about the earth. 

50. Chemical Force. — The force which causes the elements 
to combine is called chemical force or affinity. Chemical 
force always acts between unlike substances, and in this re- 
spect it resembles adhesion ; but it differs from it in two or 
three important particulars : — 

ist When water adheres to a glass plate, neither the 
properties of the water nor those of tlie glass are changed. 
So, too, when sugar is dissolved in water, the sugar still re- 
tains its sweet taste and all its peculiar characteristics. It 
is simply sugar reduced to the liquid state and diluted with 
water. But when chemical force causes hydrogen and oxy- 
gen to combine, they form water, a substance wholly unlike 
hydrogen, which is inflammable, and oxygen, which aids 
combustion. 

The first characteristic of chemical force is that it clianges 
the properties of the substances which it causes to combine. 
It not only unites diiferent substances, but it unites them so 
as to form a new substance. It combines them. 

ad. If water be again decomposed in the U-tube by means 
of the batter)', it will be noticed that the tube into which 
the hydrogen rises fills just twice as fast as the other. In 
whatever way water is decomposed, we always get just 
twice as much hydrogen as oxygen by measure. 

Figure 20 represents a U-tube, one arm of which is 
closed, the other open, with a nipper-tap at the bend. Two 
platinum wires pass through the closed arm near the top 
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and almost meet within, while their outer ends are formed 
into loops for the attachment of battery wires. 

Introduce into the closed end of this 
tube a mixture of hydrogen and oxy- 
gen, using first just twice as much hy- 
drogen by measure as oxygen. Com- 
bine the gases by means of the electric 
spark.* Water is of course pro luCLd 
and all die gases are used up as js 
shown by the mercury's rising to the 
top of the tube. 

If another mixture is used in which 
we have more than two measures of 
hydrogen to one of oxygen, some hy 
drogen will be left over. If les'j than 
two measures of hydrogen to one of o\\gen be used some 
oxygen will be left So that in whitevi-r picpjrtirns hy- 
drogen and oxygen be mixed, we find that uhen thcj foim 
water two measures of hydrogen always combine with one 
of oxygen. 

We may dissolve a teaspoonful of sugar in a wine-glass 
or in a pitcher of water, and there will still be sugar in every 
part of the water. Adhesion acts between quantities of 
matter altogether indefinite. 

The second cliaracteristic of chemical force is that it 
always acts between definite quantities of matter. 

Chemical force, then, may be briefly described as the 
force which acts between definite quantities of different kinds 
of matter, and causes ihem'to combine to form a new substance. 

51. Chemical Force is stronger between some Substances than 
between others. — When potassium is thrown upon water (46), 
it unites with the oxygen and sets the hydrt^en free ; show- 
ing that the chemical force between potassium and oxy- 
gen is stronger than between hydrogen and oxygen. In 
* See Appendix, 9. 
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general, if to a compound of two elements, A and B, a third 
element, C, be added, which has a stronger affinity for A 
than A has for B, A will leave B and combine with C. 

Any change which is occasioned by chemical force is 
called a chemical change. 

ATOMS AND ATOMIC WEIGHTS. 



52. We have already found that two measures of hy- 
drogen always combine with one measure of oxygen to 
form water. If equal measures of hydrogen and oxygen 
are weighed, the oxygen is found to weigh sixteen times 
as much as the hydrogen. There are, then, in water, by 
weight, two parts of hydrogen to sixteen parts of oxygen. 

When ice is melted, then, it is resolved into molecules, 
each of which contains 2 parts by weight of hydrogen and 
16 parts of oxygen. When acted upon, at ordinary tem- 
peratures, by either sodium or potassium, i part of this 
hydrogen is removed by 23 parts of the former, or 39 parts 
of the latter, giving rise to compounds each molecule of 
which contains i part of hydrogen, 23 parts of sodium, and 
16 parts of oxygen, or i of hydrogen, 39 of potassium, and 
16 of oxygen. The first of these compounds is called hy- 
drate of sodium ; the second, hydrate of potassium. On heat- 
ing the first with sodium, the remainder of the hydrogen is 
displaced by 23 additional parts of sodium, and a com- 
pound formed each molecule of which contains 46 parts 
of sodium and 16 of oxygen. On heating the second with 
potassium, the remainder of the hydrogen is displaced by 
39 parts of potassium, and a compound formed containing 
78 parts of potassium and 16 of oxygen. 

When chlorine (an element with which we shall soon 

become acquainted) is passed through a red-hot tube along 

with steam, it removes the hydrogen from the water and 

sets the oxygen free.* It is found that chlorine, likff sodium 

* See Appendix, 10. 
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and potassium, can displace either one half or the whole of 
the hydrogen, giving rise to two compounds. It is, however, 
impossible to replace any fraction of the oxygen of water 
with chlorine. No substance has yet been formed which will 
displace any other fraction than one half of the hydrogen 
from water ; and no substance is known which will displace 
any fraction of the oxygen without displacing the whole. 

We see, then, that by means of affinity a molecule of 
water can be divided into three parts, a of which are hy- 
drogen and I is oxygen ; and that the i part of oxygen 
weighs i6 times as much as each of the 2 parts of Jiydro- 
gen. No way is known of further dividing this molecule. 

It has also beea found that no substance can displace 
less hydrogen from any of its compounds than sodium or 
potassium, and that it always requires 23 parts of the one 
and 39 parts of the other to displace one part of hydrogen. 

We therefore conclude that the smallest parts into which 
hydrogen, sodium, and potassium can be divided by affini- 
ty have the relative weights of i, 23, and 39; that is, the 
smallest part into I cl so 1 can be d ded by ilfi y 
weighs 23 times as m ch as tl e sn allest pi t nto i cl 
hydrogen can be d ded bj tl e same eins and the 
smallest part into 1 ch pot un c n be d ded e gl s 
39 times as much as tl e s allc t pa t to vliicl hyd o„e 
can be divided. 

These smallest parts nto w! ch substa ce can be a 
vided by affinity are called atons from a Greek void n ean 
ing indivisible, and the relat ve we gl ts of tl e atoms of the 
elements are called atomic weights. Thus i, 23, 39, and 
16 are the atomic weights of hydrogen, sodium, potassium, 
and oxygen respectively. 

53. Masses, Molecules, and Atoms. — We have, then, a 
threefold divisibility of matter: — 

ist. Matter can be divided by mechanical means into 
minute but sensible portions, or masses. 
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2d. Matter can be divided by means of heat into i7isen- 
sible portions, called molecules. 

3d. Matter can be divided by means of clieraical force 
into portions wliich are by us indivisible, called atoms. 

SYMBOLS. 

54. To indicate briefly the composition of a substance, 
and also such changes as we have already seen brought 
about by the chemical force, a system of notation by sym- 
bols has been devised. 

55- Symbols of Elements. — The symbol for an element 
is always the first letter of its name (in some eases its 
Latin name), unless the names of two or more elements 
begin with the same letter, in which case a second letter 
is added to distinguish them. 

Thus the symbol for Iiydrogen is H ; for oxygen, O ; for 
potassium (Latin kalium), K ; for sodium {iiairmiii), Na ; 
for phosphorus, P ; etc. 

The symbol of an element, when used alone, indicates 
one atom of that element.* Thus H stands not only for 
hydrogen, but also for one atom, or one part by weight, 
of hydrogen ; 

O for I atom or i6 parts by weiglit of oxygen ; 
K " " 39 " " " potassium ; 

Na " " 33 " " " sodium; 

P " " 31 " " " phosphorus. 

Many of the symbols of the elements have a bar across 
them, for a reason which will be explained hereafter. 

56. Symbols of Compounds. — The symbol for a com- 
pound is obtained by joining together the symbols of the 
elements contained in it, writing after the symbol of each 

* The symbols are, however, sometimes used merely as abbrevia- 
tions of the iiatnes of the elements ; II for hydrogen in general, K for 
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element a figure to indicate how many atoms of that ele- 
ment are contained in a molecule of the compound. 

Thus the symbol for water is H^O ; the symbol for ox- 
ide of potassium is K^O- ; the symbol for oxide of sodium 
is NsaO ; for Jiydrate of potassium, HKO ; for hydrate 
of sodium, HNaO. 

57. The Meaning and Use of the Symbols. — The symbol 
Ha^ indicates that water is a compound of hydrogen and 
oxygen ; that in each molecule of water tJiere are two atoms 
of hj'drogen and one atom of oxygen, and that by weight 
there are 2 parts of hydrogen to 16 parts of oxygen. The 
symbol HNaO indicates that hydrate of sodium is com- 
posed of hydrogen, sodium, and oxygen ; that in a mole- 
cule of this compound there is one atom of each of these 
elements; and that in this substance there is one part 
by weight of hydrogen to 23 parts of sodium and 16 parts 
of oxygen. 

By means of these symbols chemical changes are very 
concisely indicated. Thus the change which takes place 
when potassium is thrown upon water can be indicated 
thus ; 

HaO + K = HKO + H. 

The sign -|- (plus) indicates merely that the substances 
are together without combination. 

The change which takes place when all the hydrogen 
in water is displaced by potassium is indicated by symbols 
thus ; 

li^O + 2K = K3O -|- 2H. 

When the symbol of an element stands by itself, and we 
wish to express two or more atoms of it, tlie figure is placed 
before the symbol instead of after it. Thus we write 2K 
rather than Kj. 

When hydrogen and oxygen combine to form water (50), 
the change is indicated by symbols thus : 

2H + = H,0. 
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By means of these symbols we can readily determine 
what fraction of the weight of the whole compound the 
weight of each element in it forms. For instance, we 
wisli to find what fraction of the weight of water is hydro- 
gen, and what fraction is oxygen. The symbol for water 
is HoO. Ha indicates 2 parts by weight, and O- indicates 
16 parts. In water, then, there are 18 parts by weight, 2 
of which are hydrogen and 16 oxygen; y^^ or ^ of the weight 
of water is hydrogen, and ^| or | is oxygen. 

What fraction of the weight of hydrate of sodium is hy- 
drogen, what fraction is sodium, and what fraction oxygen? 

The symbol for this compound is HNa-&. 

H =^ I part by weight of hydrogen ; 
Na = 23 parts " . " sodium; 
=: 16 " '■ " oxygen; 

40 ^= whole number of parts by weight in 
HNaO. Then, 

5^ of HNaO is hydrogen ; 
IS " " " sodium; 
U " " " oxygen. 

It will now be easy to solve such problems as the fol- 
lowing ; — 

How much hydrogen is there in 45 kilogrammes of water ? 

We have found that ^ of the weight of water is hydro- 
gen. In 45 kilogrammes of water, then, there are 5 kilo- 
grammes of hydrogen. 

How many kilogrammes of water could be produced by 
using 64 kilogrammes of oxygen ? 

IVe have found that f of water is oxygen. The question 
then becomes, if | of the weight is 64 kilogrammes, what is 
I, or the whole? Evidently 72 kilogrammes. 

How many kilogrammes of oxygen would be required to 
convert 92 kilogrammes of sodium into oxide of sodium? 
How many kilogrammes of oxygen and of hydrogen, to 
convert it into hydrate of sodium ? 
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§1 of NaaO is sodium ; ^^j- is oxygen. If ^f = g 2 kilo- 
grammes, 5'^=; 4 kilogrammes, and ^^^^^z kilogrammes 
=x weight of oxygen required to convert the sodium into 
oxide of sodium. 

Again, jV of HNaO = H; |g = Na; fg = e. Iffg 
rr: 92 kilogrammes, then 5'^ = 4 kilogrammes ^ weight of 
H required, and Jl ^ 64 kilogrammes :^ weight of re- 
quired. 

^%. Problems. — i. Indicate by symbols the chemical 
change which takes place when sodium is thrown upon 
water. 

2. Indicate by symbols the change which takes place 
when the hydrogen of water is wholly displaced by sodium. 

3. What fraction of the weight of oxide of potassium is 
oxygen, and what fraction is potassium ? 

4. What fraction of the weight of hydrate of potassium 
is hydrogen, what potassium, and what oxygen ? 

5. How much water can be formed by using 75 grammes 
of oxygen ? How much hydrogen would be required .■■ 

6 Hovn ch potassium and how much oxygen in 235 
gram n s of ox de of potassium ? 

7 Ho nuci 1 drogen would be required to make 3 
kilOj, a s of i y Irate of potassium ? To make 3 kilo- 
grammes of 1 } 1 ate of sodium ? 

8 If 89 gramn es of oxygen were used in making oxide 
of sodium, how much sodium would be used ? 

9. If the same amount of oxygen were used in mak- 
ing hydrate of potassium, how much potassium would be 
used.' 

MURIATIC ACID. 

59. We win next examine a liquid which somewhat 
resembles water in appearance, and which, though not so 
well known, has for a long time been extensively used in 
the arts. This liquid is commonly called muriatic add, a 
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name which, like water, gives no indication of its compo- 
sition. Its scientific name will be given when we have 
found out of what the acid is composed. 

Put some muriatic acid into a flask, and connect the 
flask by means of a tube with a glass jar filled with mer- 
cury and inverted over the mercury trough, as shown in 




the figure.* Boil the acid, and a gas will pass over and 
fill the jar. If now the jar be removed and its mouth be 
opened under water, the gas will be quickly absorbed, and 
the water will have all the properties of muriatic acid. 

We therefore conclude that ordinary muriatic acid is a 
gas reduced to the liquid state by being absorbed by 
water. It is thus made liquid merely for convenience in 
using and transporting it. 

'\^'hen this muriatic acid is boiled, steam will be gener- 
ated and pass over with the gas. 

We have seen that a solid absorbs some gases much 
* See Appendix, ii, 
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more readily than it absorbs others. If we can find a 
solid which will absorb steam and not absorb muriatic 
acid gas, we evidently can separate these two gases by 
causing them to pass together over this solid. Fused 
chlorhk of calcium is such a solid. We break it up into 
coarse lumps, that it may expose the more surface to the 
gases, and put it into a glass tube or a tall and narrow 
glass jar. Such a tube or jar is called a drying-tube or 
drying-jar. 

If some muriatic acid he again boiled in a flask, and the 
muriatic gases which escape be conducted, as shown in the 




figure, first through a drying-jar, to remove the steam, and 
then through a bottle partially filled with sodium amalgam 
(sodium dissolved in mercury), and then into a jar filled 
with water, and inverted over the water-trough, the gas 
which collects m this jar will be found to be wholly unlike 
muriatic acid gas It is no longer absorbed by water, and 
has no effect on blue litmus-paper. Muriatic acid gas is 
not inflammable, but if this gas be tested by bringing a 
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lighted taper to the mouth of the jar after raising it from 
the trough, it takes fire with a slight explosion, and burns 
with a pale blue ilame. This shows the gas to be hy- 
drogen. 

60. Composition of Muriaiie Add. — We see then thati 
muriatic acid is a compound substance, and that one of the 
elements of which it is composed is hydrogen. We must 
next find what element or elements the sodium has removed 
from the acid. The mercury in the amalgam takes no part 
in the decomposition of the gas. The sodium is dissolved 
in the mercury merely that it may present more surface to 
the gas. 

Taking the same apparatus -used for decomposing water 
by means of the battery,* fill it with dilute muriatic acid, 
and connect it with the battery as before. The bell-jar 
connected with the zinc pole is filled quite rapidly with a 
gas which is found on trial to be hydrogen. The other jar 
after some time begins to fill with a gas of a yellowish- green 
color. 

61. Chlorine. — This gas has a peculiarly suffocating 
odor, and the remarkable property of bleaching vegetable 
colors. This latter characteristic may be shown by raising 
the jar filled with the gas, inverting it, and putting into it 
a piece of moistened litmus-paper, which very soon loses 
all its color. 

This gas from its color is called chlorine; a name de- 
rived from a Greek word meaning yellotvish^greeiv. Its 
color and its bleaching properties serve to distinguish it 
from other gases. 

Chlorine may be more readily obtained fi'om muriatic 
acid by mixing it with black oxide of manganese and heat- 
ing the mixture gently in a flask. t 

If a jar of chlorine be inverted over water, it is slowly 
absorbed. This is the reason that, When muriatic acid is 
* See Appendix, 12. t See Appendix, 13, 
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decomposed by means of the battery, the chlorine does not 
at first collect in the bell-jar. 

62. Are Hydrogen a7id Chlorine the only Elements in, ATu- 
riatic Addi — Take j,. 

two glass jars of 

the same size with 

ground mouths fill 

one with hjdiogen 

and the other vith 

chlorine, and place 

them together mouth 

to mouth, as repre 

sented in Figure 23 

Then withdraw the ^^^ 

glass plates by which ^^r_^ 

theyare closed shal e " ~^ 

the jars to mi\ the gases and open them o\er a buining 

lamp. The mixed fg 1 

gases take fire, and 

the appearance of a 

while cloud shows 

that muriatic acid is 

formed by their com 

bust ion* Hence 

this acid can contain ^^ ' — _^ 

only hydrogen and -^i ^^ 

clilorine. 

63. How mnc/i Hy frogtn ani h l miich Chlorine in Mic- 
riiitic Acidi — Figure 25 lepresents a glass tube divided 
by a glass stop-cock into two unequal parts, and closed at 
its ends by glass stoppers. Fill the smaller division of the 
tube with dry chlorine and the larger one with dry hydro- 
gen ; then open the stop-cock and expose the tube for some 

* If a disli of ammonia is standing near by, the white fumes will be 
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hours to diffused daylight, after which bring it into direct 
sunlight. Now open one end of the tube under water, and 
the water will rise and fill a 
space double that which was 
occupied by the chlorine. 
The gas which remains is 
found to be hydrogen. 

Fill now the smaller divis- 
ion of the tube with hydro- 
gen, the larger one with chlo- 
rine, and let the two combine 
under the influence of light as 
before. The water will rise 
in the tube to the same height 
as before, but the gas which 
remains will be found to be 
chlorine.* 

In these two experiments it 
is evident that equal meas- 
ures of hydrogen and chlorine 
have combined ; the excess, whether of the one or the 
Other gas, remaining unchanged. By measure then, hy- 
drogen and chlorine combine in equal parts to form muri- 
atic acid. 

We find on trial that chlorine weighs 35.5 times as 
much as hydrogen, bulk for bulk. By weight, then, there 
is one part of hydrogen to 35.5 parts of chlorine in mu- 
riatic acid. 

64. Atomic Consiiitdion of Muriatic Add. — It is found 
impossible to displace any fraction of either the hydrogen 
or the chlorine from muriatic acid without displacing the 
whole. We must hence conclude that in a molecule of 
muriatic acid there is one atom of hydrogen and one of 
chlorine, and that the atomic weight of chlorine is 35.5. 
* ScE Appendix, 14. 
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Tlie symbol for chlorine is CI. That of muriatic acid 
evidently will be HCl. 

65. Problems. — lo. In 35 grammes of muriatic acid gas 
how much hydrogen and how much chlorine ? 

11. How much muriatic acid can be made by using 13 
kilogrammes of hydrogen? By using 32 kilogrammes of 
chlorine ? 

12. How much hydrogen is required to convert 46 kilo- 
grammes of chlorine into muriatic acid? How much chlo- 
rine to convert 46 kilogrammes of hydrogen into muriatic 
acid? 

AMMONIA. 



66. The ammonia of commerce, like the muriatic acid, 
is a gas absorbed by water, as may readily be shown by the 
method described under muriatic acid. (59.) 




If some ammonia be boiled in a flask, steam and ammo- 
lia gas will pass off. If these gases are then passed through 
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a drying-jar filled with unslaked lime,'tlie steam will be re- 
ttdned, and the ammonia gas will pass on. If this gas be 
then conducted into a test-bulb in which there is a piece of 
heated potassium, and the gas which leaves the (nbe be 
collected in a small jar,* it will be found by the usual test 
to be hydrogen. 

The apparatus required for this experiment is shown in 
Figure 26. 

Ammonia is then a compound substance, one of whose 
elements is hydrogen. 

67. W^ai Element has been removed hy the Potassiujn ? — 
Fill a tolerably large bottle partly full of strong a 




'-^^. 



wm^^''- 



and close it with a cork through i^JiKb pass two tubes one 
reaching to the bottom of the bottle, ind the other passing 
through the cork. Let 1 stieim of chlorme pa';s through 
the first tube. As itenteisthe immonia i5isheb of li^ht 
* See Appendix, 15. 
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are seen, and other indications of energetic action. The 
gas which escapes from the bottle through the other tube 
is passed through a bottle filled with water (called a wash- 
bottle), and is then collected in jars. This gas is evi- 
dently not ammonia, for it was not absorbed by the water. 
It is not chlorine, for it is colorless. It is not hydrogen 
or oxygen, for it neither burns when a lighted taper is 
applied to it, nor will a lighted taper bum in it. It does 
not affect either blue or red litmus-paper. It cannot be 
decomposed, and raust therefore be regarded as an ele- 

It is called nitrogen, and its symbol is N. 

68. Is there any other Element in Ammonia ? — Hydrogen 
and nitrogen cannot be made to combine directly. We 
cannot therefore employ this 

method to determine wheth- 
er ammonia gas contains 
more than these two ele- 
ments. But if a gramme 
of ammonia gas be decora- 
posed into hydrogen and 
nitrogen, the weight of the 
hydrogen and nitrogen to- 
gether will be just one 
gramme. Hence it is clear 
that there is nothing but 
these two elements in am- 
monia. 

69. JIow much of each of 
these Elements in Ammonia f 
— Let a long tube (Fig. 28), 
closed at one end and di- 
vided into three equal parts 
by marks on the side, be 
filled with chlorine, and a 
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dropping- tube (see Y\g. 29) filled with ammonia be con- 
j^. ^ nected with it by means of a rubber cork; so as to 
form an air-tight joint. If now the ammonia be 
allowed to drop slov/iy into the tube, the chlorine 
yiil' decompose it, uniting with the hydrogen and 
' setting the nitrogen free. After enough ammo- 
nia has passed in to fill the tube to the deptii 
of about half an inch, allow dilute sulphuric 
acid to pass into the tube by means of the drop- 
ping-tube as long as it will. It will fill the tube 
just two thirds full The other third will be 
filled with a gas which is found on trial to be 

While this nitrogen has been set free, how much hy- 
drogen has been taken away? The chlorine combines 
with the hydrogen to form hydrochloric acid. In this acid 
there are equal measures of hydrogen and chlorine. As 
the tube was full of chlorine at first, enough hydrogen to 
fill the tube must have been taken from the ammonia. By 
measure, then, there are three parts of hydrogen and one 
of nitrogen in ammonia. 

Nitrogen weighs 14 times as much as the same bulk of 
hydrogen. Hence by weight there are in ammonia 3 parts 
of hydrogen to 14 parts of nitrogen. 

70. Atomic Constitution of Ammonia. — It is also found 
that, when ammonia is decomposed by chlorine, three defi- 
nite compounds can be obtained ; one containing one 
third iess hydrogen than ammonia does, one containing 
two thirds less hydrogen, and one containing no hydrc^en. 
Every time a measure of hydrogen is displaced, an equal 
measure of chlorine replaces it. 

We therefore conclude that a molecule of ammonia con- 
tains three atoms of hj'drogen and one atom of nitrogen ; 
for none of the nitrogen can be displaced unless the whole 
is. The atoms of hydrogen can be successively displaced 
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by atoms of chlorine. The symbol for ammonia, then, will 
be HgN ; and the atomic weight of nitrogen is 14. 

71. Problems, — 13. What is the symbol for each of the 
three compounds that may be formed when ammonia is de- 
composed by chlorine ? 

14. WJiat fraction of ammonia is hydrogen, and what 
fraction is nitrogen ? 

15. How much hydrogen and how much nitrogen in 186 
grammes of ammonia? 

16. How mwch ammonia can be made by using 15 
grammes of hydrogen? By using 15 grammes of nitro- 



MARSH GAS. 

72. When the mud at the bottom of stagnant ponds and 
marshes is stirred, bubbles of gas are seen to rise. This 
gas is called marsh gas. It may readily be prepared by 
healing strong vinegar in a flask {of glass, or better of cop- 
per or iron), together with a mixture of lime and the caus- 
tic soda of commerce, and collecting the gas over water.* 




73. Its Composition. — If marsh gas be mixed with chlo- 
* See AppeiidiK, 19. 
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1 tall jar, and the mixture be ignited, a black pow- 
rig. 3,. der will be deposited on 

the sides of the jar. This 
powder has been proved 
to be an element, and is 
called carbon. It is the 
same substance as char- 
Its symbol is €. 
If a jet ofmarshgasbe 
burned in a jar of oxygen, 
moisture will collect on 
the sides of the jar, show- 
ing that water has been 
formed. Now water con- 
tains oxygen and hydro- 
gen. The hydrogen must 
^ ^^.^^a^ ' It \"*^'^ar^ have come from the marsh 
t^^^^~/y^=^n i^^^^^'\ gas which was burned. 

' / ' 1 ^ This gas, then, must con- 

tain at least two elements, hydrogen and carbon. 

When a weighed quantity of marsh gas is decomposed, 
the hydrogen and carbon obtained from it weigh just as 
much as the gas decomposed ; hence this gas can contain 
only hydrogen and carbon. 

74. Atomic Constitution of Marsh Gas. — On careful 
analysis, marsh gas is found to contain 4 parts of hydrogen 
by weight to 12 parts of carbon. It is also found by ex- 
periment that fourths of the hydrogen can be sufcessively 
displaced from marsh gas by chlorine, giving rise to four 




compounds 


- 




the ist cc 


iitainiiig 3 parts of H, 


SSS of CI, 


" 2d 


2 " " H, 


;i " CI, 


" 3d 


I ■■ " H, 


.06,5 " CI, 


■' 4th 


•• " H, 


142 " CI, 
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Hence we conclude that a molecule of marsh gas con- 
tains four atoms of hydrogen and one of carbon ; and that 
the atomic weight of carbon is iz. 

The atoms of hydrogen can be successively displaced by 
atoms of chlorine, giving rise to the four compounds men- 
tioned above. 

75- Problems. — 17. What is the symbol for marsh gas, 
and for each of the four compounds mentioned ? 

18. What fraction of the weight of marsh gas is hydro- 
gen, and what fraction is carbon ? 

19. In 868 grammes of each of the four compounds 
mentioned, what weight of hydrogen, of chlorine, and of 

COMBINING POWER OF THE ELEMENTS. 

76. We see, then, that the atoms of different elements 
have different combining powers. 

Thus one atom of chlorine has power to fix in combina- 
tion only one atom of hydrogen, while one atom of oxygen 
has power to fix two atoms of hydrogen, one atom of nitro- 
gen to fix t/iree atoms of hydrogen, and one atom of carbon 
to iix/iJttr atoms of hydrogen. 

We have also seen that the atoms of different elements 
can displace each other in compounds. 

Thus one atom of potassium or sodium can displace one 
atom of hydrogen from water, forming hydrate of potas- 
sium or of sodium; that is, 

H2O -f K =11 HlCe + H. 
But one atom of barium can displace Swo atoms of hydro- 
gen from water. Thus, 

HaO -f Ba = DaO -1- 2H. 

Whenever either sodium or barium can displace hydro- 
gen from its compounds, one atom of sodium is always able 
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to displace one atom of hydrogen, and one atom of barium 
two atoms of hydrogen. 

It is also found that one atom of aluminium is able to 
displace three atoms of hydrogen from certain of its com- 
pounds, and one atom of tin tp displace four atoms of hy- 
drogen. 

One atom of chlorine or of potassium, then, seems to 
have the same comb mng or itom fixing " power as one 
atom of hydrogen ; o le atom of oxjgen or of barium, the 
same combining powe as /uo atois of hydrogen; one 
atom of nitrogen or of ah n n urn tl t same as three atoms 
of hydrogen; and one iton cf carboi or of tin, the same 
as four atoms of hydrogen 

77. Monads, Dyads Trtaii aii Tdrads. — An element 
whose atom has the same combmmg or "atom-fixing" 
power as one atom of hydrogen is called a monatomic ele- 
ment, or, more briefly, a monad ; names derived from the 
Greek word for one. 

An element whose atom has the same combining or 
"atom-fixing " power as two atoms of hydrogen is called a 
diatomic element, or a dyad ; from the Greek word for two. 

An element whose atom has the same combining or 
" atom-fixing " power as three atoms of hydrogen is called a 
triatomic element, or a triad ; from the Greek word for three. 

An element whose atom has the same combining power 
as four atoms of hydrogen is called a tetratomic element, 
or a tetrad; from the Greek word for four. 

Every element now known is supposed to belong to one 
of tliese four groups. 

The combining or " atom-fixing" power of the hydrogen 
atom is regarded as unity. Then each atom of a monad 
will have one unit of combining power ; one atom of a dyad 
will have two units of combining power ; one atom of a 
triad will have t/iree units of combining power ; and one 
atom of a tetrad will have four units of combining power. 
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78. Saturated Compounds. — A compound is regarded as 
saturated when the combining power of all its atoms is sat- 
isfied. Thus carbonic acid (CO^) and marsh gas (H,€) 
are saturated compounds ; since in the iirst the 4 combining 
units of carbon are satisfied by the 4 units of the two atoms 
of oxygen, and in tlie second the four units of carbon are 
satisfied by the 4 units of the 4 atoms of hydrogen. But 
carbonic oxyde (-€0) and defiant gas (HaC) are non-satu- 
rated compounds ; since in the first the 2 combining units 
of the oxygen satisfy only 2 of the 4 combining units of the 
carbon, and in the second only 2 of the 4 combining units 
of the carbon are satisfied by the 2 units of hydrogen. 

The atom-fixing power of the different elements is some- 
times indicated thus : — 

■C"" indicates that i atom of carbon has a combining 

power of 4 units, 
N'" " " I " nitrogen " 3 units, 

■©■" " " I " oxygen " 2 units, 

H' " " r " hydrogen " i unit. 

79. Classification of ike Elements. — The following is a 
table of the most important elements arranged into groups 
according to Miller, The names of the elements are given 

■along with their symbols and atomic weights. Those iu 
the first division of each group are the so-called non-metal- 
lic elements ; those in the second division of each group 
are metals. 



Hydrogen 

Fluorine 

Chlorine 

Bromine 

Iodine 
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Potassium {Kalium) 


K 


39 


Sodium {Nairium) 


Na 


23 


Silver {Argentum) 


Ag 


108 


DYADS. 






Oxygen 


O 


16 


Sulpliur 


S 


32 


Barium 


Sa 


137 


Cadmium 


€d 


112 


Calcium 


-€a 


40 


Chromium 


■er 


5M 


Cobalt 


-Co 


59 


Copper (C«/w/«) 


€u 


63.5 


Iron {Rrrum) 


Fe 


55 


Lead {Phmbum) 


Pb 


207 


Magnesium 


Mg 


24.3 


Manganese 


Mn 


55 


Mercury {Hydrargyrum) 


Hg 


zoo 


Nickel 


Ni 


59 


Strontium 


Sr 


87-5 


Uranium 


U 




Zinc 


gn 


65-5 


TRIADS. 






Nitrogen 


N 


14 


Phospliorus 


P 


31 


Arsenic 


As 


75 


Boron 


B 


10.9 


Aluminium {or Aluminum 


) Al 


27.5 


Antimony {Stibium) 


Sb 




Bismuth 


Bi 


ZIO 


Gold {Aurum) 


Au 


196.6 


TETRADS, 






Carbon 


€ 


13 


Silicon 


&i 


28 
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Tin (Slamium) Sn 118 

Platinum Pt 197 

It will be noticed that there is a bar across the symbols 
of ail the elements of tlie dyad and kirad groups in the 
above table, while of those belonging to the monad and 
triad groups the symbol of Aluminium is the only one 
thus marked. 



COMPOUNDS OF OXYGEN" AND NITROGEN. 

80. Nitric Oxide. — If one part by weiglit of saltpetre, 
8 parts of copperas, and 8 parts of dilute sulphuric acid 
be gently heated in a large iJask, a gas will be rapidly 
dispngaged which, when collected in a jar over water, is 
colorless. 

If in a porcelain cup floating on water a small piece of 
phosphorus be ignited, and a jar filled with oxygen be in- 
verted over it, the phosphorus will burn with great bril- 
liancy, and the jar will be filled with a dense white cloud.* 
This is soon absorbed by the water, which rises in the 
jar ; showing that some of the oxygen has united with the 
phosphorus to form the white fumes. 

If now we repeat the experiment, filling the jar with the 
gas just obtained, the phosphorus bums just as it did in 
the oxygen, and the same white fumes are formed. There 
must, then, be oxygen in this gas. 

But the gas is not pure oxygen, since a lighted taper put 
into it is speedily extinguished. 

I-et a mixture of equal volumes of this gas and hydrogen 
be passed through a glass tube containing some platinized 
asbestos,t and the tube be heated to dull redness by means 
of a lamp. Hold a piece of red litmus-paper in the gas 
which escapes from the tube, and its color is at once 
* See Appendix, 16. t See Appendix, 17. 
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changed to blue. Now ammonia is the only gas that 
changes red litmus-paper to blue. Hence, when the 
mixed gases pass over the heated asbestos ammonia is 
formed. The asbestos remains unchanged, and may be 
used for years. There must then be nitrogen in the gas 
which was mixed with the hydrogen and passed through 
the tube. 

That there is nothing else than nitrogen and oxygen in 
this gas can be proved by the method already described 
in the case of ammonia and marsh gas (68, 73). 

This composition of the gas is indicated by its name, 
nitric oxide. 

81, Nitrates Acid and Nitric Acid. — If a jar be filled 
with nitric oxide and another jar of about half the capacity 
filled with oxygen be inverted over it,* the two gases on 
mixing will at once become of a bright cherry-red color. 
They evidently combine and form a new substance. 

Boil a little aquafortis in a flask, f and let the steam 
pass through a porcelain tube heated to dull redness. The 
gas which comes from the tube will be of a bright red color, 
and will be at once recognized as the compound of nitro- 
gen and oxygen with which we have just become ac- 
quainted. 




If the gases which issue from the porcelain tube be col- 
* See Appendix, iS. t See Appendix, 19. 
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lected in a jar over water, the red gas will be absorbed by 
the water, and the jar will be filled with a colorless gas, 
which by the usual tests is found to be oxygen. 

The steam of aqua-fortis is then decomposed in the 
healed tube Into the red gas and oxygen. Hence aqua- 
fortis must be a compound of nitrogen and oxygen, since 
the red gas has been found to be a compound of those ele- 
ments. The scientific name of aqua-fortis is niirk add, 
and that of the red compound is nitrous add. 

82. Atomic Constitution of the Compounds of Nitrogen and 
Oxygen. — The three compounds, nitric oxide, nitrous add, 
and nitric add, which are so unlike in properties, differ in 
composition only in the proportion of oxygen which each 
contains. 

Nitric oxide is converted into nitrous acid by taking up 
more oxygen, while nitric acid is converted into nitrous 
acid by losing a part of its oxygen. Hence nitrous acid 
contains more oxygen than nitric oxide does, and nitric 
acid more than nitrous acid. 

In the compounds of hydrogen which we have examined 
we have found hydrogen combining with each element in 
only one proportion ; here we find oxygen combining with 
nitrogen in several proportions, and forming compounds no 
less unlike one another than the compounds of hydrogen 
with different elements. It is one of the peculiarities of 
hydrogen that it seldom combines with an element in more 
than one proportion, or, in other words, that it seldom forms 
other than saturated compounds, while it is no less a pecu- 
liarity of oxygen that it usually combines with the same ele- 
ment in several proportions, or, in other words, that it read- 
ily forms non-saturated compounds (78). It combines with 
nitrogen in five different proportions, forming compounds 
whose symbols and names are as follows : — ■ 
Na©-, Nitrous Oxide, 
N-6-, Nitric Oxide, 
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NjOs, Nitrous Acid, 
NO2, Hyponitric Acid, 
N^Oa, Nitric Acid. 

83. Problems. — zo. What tliree things does each one of 
these symbols indicate ? 

2r, What fraction of the weight of each of these com- 
pounds is oxygen ? What fraction of each is nitrogen ? 

22. How much oxygen and how much nitrogen in 756 
grammes of each of these compounds ? 

23. How much of each of these compounds could be 
made by using Cz kilogrammes of nitrogen, and how much 
oxygen would be required in each case ? 

24. How much of each compound could be made by 
using 62 kilogrammes of oxygen, and how much nitrogen 
would be required in each case ? 

ACIDS, BASES, AND NEUTRALS. 

84. When phosphorus is burned in oxygeti, the jar is 
filled with a white cloud, which is soon absorbed by the 
water {80). 

If now a piece of red litmus-paper be dipped in the so- 
lution, its color will not be clianged. If, however, a piece 
of blue litmus-paper, whose color is not affected by a solu- 
tion of oside of sodium, be dipped in this solution, its 
color is at once changed to red. 

It will be remembered that the solution of the hydrate 
of sodium formed by replacing the hydrogen of water with 
sodium (46) has the power to turn red litmus-paper to blue. 
It will also be remembered that water has no effect on 
either red or blue litmus-paper. 

We see, then, that oxygen combines with certain ele- 
ments, as potassium and sodium, to form a compound 
whose solution changes red litmus-paper to blue ; with 
certain others, like phosphorus, to form a compound whose 
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solution changes blue litmus-paper to red ; and with oth- 
ers, like hydrogen, to form a compound which has no 
effect on either the red or the bkie paper. 

The first class of compounds are called bases; the sec- 
ond class, adds; and the third class, neutrals. 

85. The Names of Acids. — The acid just formed by the 
combination of oxygen and phosphorus is caW&d phosp/wric 
acid. The acid compounds of oxygen are always named 
from the element with which the oxygen combines, aspAns- 
phoric acid from phosphortis. 

We have seen in studying the compounds of nitrogen 
and oxygen, that oxygen often combines with the same 
element to form more than one acid. In such cases, the 
acids are distinguished by terminations or by prefixes. 
The termination ous indicates less oxygen than ic. Thus 
nitrous acid contains less oxygen than nitric acid. 

The prefix hypo indicates less oxygen, and the prefix hy- 
per more oxygen, than there is in the acid to whose name 
either is prefixed. Thus hyponitric acid contains less oxy- 
gen than nitric acid, and hypochlorous acid less oxygen than 
chlorous acid ; while hyperchloric acid contains more oxygen 
than chloric acid. 

86. Names of Bases and Neutrals.— -The h&sic and neu- 
tral compounds of oxygen have the common name of 
oxides. 

The bases are named from both elements. Thus oxygen 
and sodium combine to form a base called oxide of sodium; 
oxygen and potassium, to form the base oxide of potassium. 

The compounds of nitrogen and oxygen also show that 
oxygen sometimes combines with the same element to form 
more than one oside. In such cases, the name of the one 
which contains the more oxygen takes the ending ic, and 
the name of the other takes the ending ous. Thus N^O 
contains less oxygen in proportion to the nitrogen than 
N0, and the former is called nitrous oxide, the latter nitric 
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oxide. So Fe0 is called ferrous oxide, and FejOg ferric 
oxide; Hg^O mercurous oxide, and HgO mercuric oxide. 

The compounds of nitrogen and oxygen also illustrate 
the fact, that when oxygen combines with the same element 
in several proportions, the higher compounds (that is, those 
containing the most oxygen) are likely to be acids, while 
the lower are oxides (bases or neutrals). 

87. Oxyacids and Hydracids. — In the case of muriatic 
acid, we have, as we have seen, an acid made up of hydro- 
gen and chlorine, and containing no oxygen. There are 
several other acids which contain hydrogen as a common 
element instead of oxygen. 

The acids whose common element is oxygen are called 
oxyacids, and those whose common element is hydrogen are 
called hydracids. 

88. Names and Symhols of the Leading Hydracids. — Hy- 
drogen combines with all the non-metallic elements of the 
monad group, and with sulphur, to form hydracids. The 
symbols and names of these acids are as follows : — 

HCl, hydrochloric acid (muriatic acid) ; 
HF, hydrofluoric " 
HBr, hydrobromic " 
HI, hydriodic " 

HjS, hydrosulphuric " (sulphide of hydrogen, 
sulphuretted hydrogen). 

It will be noticed that the hydracids are named from ialh 
their elements. 

8g. Names and Symbols of the Leading Oxyacids. — Oxy- 
gen often combines with a metal to form one or more acids, 
but the most important oxyacids are compounds of oxygen 
and a non-metallic element. The following are the most 
important : — 

Ni-9-3, nitrous acid ; 
NjOfe nitric " 



3d b, Google 



CHEMICAL ArFINlTY. 

PjOj, phosphorous acii 

^i&s! phosphoric " 

ClaOs, chlorous " 

Claej, chloric " 

AsaOa, arsenious « 

AsjOs, arsenic " 

E2O3, boracic " 

SO2, sulphurous " 



SOs, 



iulphuric 



CO3, carbonic 
Si-&2, sihcic " 

■6r-&3, chromic " 

90. The Bases of the Four Groups. — The ordinary bases 
are compounds of oxygen and a metal. As oxygen is a 
diatomic element, the bases of the metals of the first group 
will regularly contain two atoms of the metal to one of 
oxygetL Their symbols and names are as follows : — 
AgsO, oxide of silver ; 
K2O, " potassium (potassa) ; 

NaaO, " sodium (soda). 
The bases of the metals of the dyad group will regularly 
contain one atom of the metal to one of oxygen. Their 
symbols and names are as follows : — 

BaO, oxide of barium (baryta) ; 

■GaO, " calcium (lime) ; 

Cd-Q, " cadmium ; 

€oO, " cobalt ; 

■€u€)-, " copper ; 

MgO, " magnesium (magnesia) ; 

MnO, " manganese ; 

NiO, " nickel ; 

PbO, " lead ; 

Sr^, " strontium (strontia) ; 

ZnO, " zinc J 
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HgjO, mercurouH i 
HgO, mercuric 
FeO, ferrous 
Ft^e-s, ferric 
CrO, chromous 
"GrsOs, chromic 
?JO, uranous 
^2&s, uranic 

It will be noticed that mercury, besides its regular base, 
forms another base analogous to those of the metals of the 
monad group. Also, that iron, chromium, and uranium, 
besides their regular bases, form others analogous to those 
of the metals of the triad group. 

The bases of the Ma/i group regularly contain two atoms 
of the metal to three of oxygen. They are the following : — 
AljOj, oxide of aluminium (alumina) ; 
Sb,-&3, " antimony; 
EiaOs, " bismuth ; 

AU3O3, " gold. 
Each of the metals of the fefrai/ group forms two oxides: — 
■S-nO, stannous oxide ; 
Sn-Q-a, stannic " 
Pt©-, platinous " 
PtOa platinic " 



SULPHIDES AND CHLORIDES OF THE METALS 
OF THE FOUR GROUPS. 

91. Sulphides. — Sulphur combines with all the metals 
of the four groups. As sulphur is a diatomic element, the 
sulphides have the same composition as the oxides. The 
metals which liave two oxides have usually two correspond- 
ing sulphides. 
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93. Chlorides. — As chlorine is a monafomic element, the 
chlorides of the metals of the monad ^q\x^ regularly con- 
tain one atom of the metal to one of chlorine. Those of 
the metals of the dyad group will contain one atom of the 
metal to two of chlorine ; of the triad group, one of the 
metal to three of chlorine ; and of the teimd group, one of 
the metal to four of chlorine. 

The metals which have two oxides have usually two cor- 
responding chlorides. 

93. Prohlems. — 25. Write the symbols and names of 
the sulphides of the metals of the four groups. 

36. Write the symbols and names of the chlorides of the 
metals of the four groups. 

HYDRATES. 

94. JJydraies of the Adds. — The oxyacids which have the 
composition represented above (89) are rare substances. 
These acids, with the exception of carbonic acid, ordina- 
rily exist in combination with one or more molecules of 
water, and are then called hydrates. When not combined 
with water they are usually called anhydrous acids, or more 
briefly anhydrides, — names derived from the Greek, and 
meaning without water. 

95. Symbols of the Hydrates of the Adds. — The symbols 
of these hydrates are formed by writing the symbol of 
water before the symbol of the anhydrous acid, with a 
comma between the two. Thus the symbol of ordinary 
sulphuric acid (oil of vitriol) is H^O, S&3, and that of ordi- 
nary nitric acid (aqua-fortis) is HjO, N^O-j. When more 
than one molecule of water combines with a molecule of 
the anhydride to form the hydrate, the number of the mole- 
cules of water is indicated by a figure placed before the 
symbol Ha-©-, Thus the symbol for ordinary phosphoric 
acid, 3H2O, Pi©-6, indicates tliat three molecules of water 
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and one (A phosphoric anhydride combine to form a mole- 
cule of the hydrate. 

96. Ditalistic and Unitary Symbols. — It is evident that 
the ultimate composition of the hydrate of sulphuric acid 
can be indicated by the symbol H^S©-^, since H3O, SO-j 
=: HaSOt So the ultimate composition of hydrate of ni- 
tric acid can be represented by HNO3, since HjO, Nj^j 
= H2Na0G = 2HNO3; and that of the hydrate of phos- 
phoric acid by HaPe*, since sH^e, '£i^^ — U^^^i = 

The symbol H^O, &©3 represents a molecule of the hy- 
drate of sulphuric acid as made up of a molecule of water 
and a molecule of sulphuric anhydride. But we may re- 
gard a molecule of this hydrate as merely containing the 
elements hydrogen, sulphur, and oxygen ; and may repre- 
sent it, therefore, by the symbol HjSOi- The first method 
of writing the symbol is called the dualisHc method; the 
second, the unitary method. 

If we have two small piles of bricks we can make them 
into one, either by bringing them together without disar- 
ranging the bricks in either pile, or we can take the bricks 
one by one from each pile and arrange them in a new pile. 
So the atoms in a molecule of water and a molecule of sul- 
phuric acid may be combined into a new molecule, either 
by bringing them together without disarranging the atoms 
which make them up, or by taking the atoms from each of 
the two molecules and arranging them into a new one. 
The dualistic symbol represents a molecule of the hydrate 
as made up in the first way ; the unitary, in the second way. 

Since the dualistic symbol indicates at a glance that the 
hydrate is formed by the union of water and the anhydride, 
it is often convenient to use it, although it may not cor- 
rectly represent the molecular constitution of the hydrate. 

The hydracids never form hydrates. 

97. Hydrates of the Bases. — The bases also are usually 
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found in combination with water, and are then called 
hydrates. Thus NaaO, HaO is the hydrate of sodium; 
BaO, H^e- is the hy'drate of barium; and Al^Og, sH.-G- 
is the hydrate of aluminium. 

98. Symbols of these Hydrates. — The symbol for the 
hydrate of a base is formed in the same way as that for the 
hydrate of an acid, except that the symbol of the water is 
put after that of the base. 

These symbols also may be written according to the uni- 
tary method. Thus HNaO may represent the hydrate of 
sodium, since NajO, HaO;=^2HNa0; H^aOs may rep- 
resent the hydrate of barium, since Ba-©, H20^=H3Ba02; 
and HjAlOa the hydrate of aluminium, since AI^Oj, 3H2O 
= 2H,A103. 

99. Hydrate of Ammonia. — Ammonia gas also combines 
with water 'to form a hydrate analogous to the hydrate of 
sodium. H3N + H,0 = HjN, H^e. The resemblance 
of this hydrate to the hydrate of sodium is shown by writing 
the symbol tlius ; H(HiN)0-. This symbol will of course 
correctly represent the composition of the hydrate, since 
HgN, HjO = H(H4N)0. Comparing this formula with the 
formulas for hydrate of potassium and sodium, HKO and 
HNa0, we see that the group of atoms (HjN) takes the 
place of the atom of potassium in the one hydrate, and of 
the atom of sodium in the other. 

100. Compound Radicals. — Ammonium. —Thtr^ are 
many groups of atoms which seem in compounds to play 
the part of a single atom. Such groups of atoms are called 
compound radicals. Some of them are capable of existing 
by themselves, or in a free state ; others are not. The 
group (HjN) is called ammonium. It has never yet been 
obtained in a free state. In combining with other ele- 
ments it always plays the part of a monad metal. 

There is also a compound of nitrogen and carbon, which 
acts like a non-metallic monad element. It is called cy- 
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anogeit and its symbol is CN, or Cy. It forms a liydracid, 
H-€N, or HCy, called hydrocyanic acid. Cyanogen cau 
exist ill a free state, 

loi. Some Bases form more than one Hydrate. — In many 
cases more than one hydrate is formed. Those given 
above are regarded as the regular or normal hydrates. The 
normal hydrates of the bases of the monad group have a 
composition corresponding to that of the hydrate of so- 
dium ; those of the dyad group, a composition correspond- 
ing to that of the hydrate of barium ; and those of the triad 
group, a composition corresponding to that of the hydrate 
of aluminium. 

102. Problems. — 27. Write the i/wfT/ij/;!; and the a^jVor/ 
symbols of the hydrates of the bases of the monad, dyad, 
and triad group. 

28. What fraction of the weight of hydrate oT sulphuric 
acid is water ? AVhat fraction is sulphuric anhydride ? . 

29. In the same hydrate, what fraction of the weight is 
hydrogen? sulphur? oxygen? 

30. How much phosphoric anhydride can be obtained 
from 135 grammes of hydrate of phosphoric acid ? How 
much phosphorus ? 

3r. How much hydrate of sodium may be made from 
3 kilogrammes of sodium ? How much water will be re- 
quired f How much oxygen ? 

SALTS. 

103. If dilute nitric acid be added to a solution of hy- 
drate of sodium, and the mixture be slowly evaporated, a 
white crystalline solid will be formed. This substance is 
found on examination to be wholly unlike either nitric acid 
or hydrate of sodium. Its solution has no effect on either 
red or blue htmus-paper. If a platinum wire be dipped 
into the solution and held in the flame of an alcohol or 
Eunsen's lamp, the intense yellow color of the flame is at 
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once recognized as that which sodium gives to a flame (46). 
Hence this compound must contain sodium. 

If a solution of ferrous sulphate (copperas, or green vit- 
riol) be added to dilute nitric acid, the mixture will at once 
become dark brown. This color will pass off on heating 
the liquid. 

If we add strong sulphuric acid to the solution of the 
crystalline substance obtained above, and then add some 
ferrous sulphate, the mixture becomes dark brown ; but on 
heating it, this color passes off. This substance then con- 
tains nitric acid. 

On careful analysis the substance is found to contain 
.sodium, oxygen, and nitrogen in the proportions indicated 
by the formula NaNO^. 

What changes, then, took place on mixing the nitric acid 
and the hydrate of sodium ? They can be best shown by 
the following equation ; 

HjO,NaO, + Nas-&, HjO^NagO, NA + ^H^O; 
or, using the unitary symbols : 

HN-&3 + HNaO = NaNOa + H^O. 
In these equations it is seen that the hydrogen of the nitric 
acid has changed places with the sodium of the hydrate of 
sodium. 

The first equation shows at a glance that this compound 
contains the elements of oxide of sodium and nitric anhy- 
dride. From its composition it is called nitrate of sodium. 

A substance which contains the elements of an anhy- 
drous base and acid is called a salt. 

104. Symbols of Salts. — 'ih& dualistic symbol for a salt 
is obtained by writing the symbol of the acid after the 
symbol of the base, with a comma between them. Thus 
the dualistic symbol of nitrate of sodium is Na^O, NaOj. 
The unitary symbol is obtained by writing the symbols of 
the elements in succession, placing the symbol of the metal 
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first, and that of oxygen last ; as, for nitrate of sodium, 
NaNOa. 

The dualistic symbol represents a molecule of the salt 
as made up by the combination of one or more molecules 
of a base with one or more molecules of an acid. The 
unitary symbol represents the salt as made up of three ele- 
ments, without reference to the arrangement of the atoms 
in the molecule. 

The dualistic symbol indicates at once that a salt is made 
up of the elements of a base and an acid, and the well- 
known fact that the salt can be again separated into a base 
and acid. It also represents the exact composition of the 
salt. But salts may be decomposed in other ways than 
into a base and an acid. Thus, when the electric current 
is sent through a solution of nitrate of sodium, NaNOj, it 
is separated into sodium, or Na, and NO3. To represent 
this and similar decompositions of the salt, the unitary 
symbol is the better. Both symbols will be used in this 
book according to convenience. 

105. Names of Satis. ^The name of the salt is formed 
by changing the ending ic of the name of the acid into ale, 
or the ending ous into He, and adding the name of the 
metal of the base. Thus niirk add and oxide of sodium 
form nitrate of sodium, and nitrous acid and oxide of potas- 
sium would form nitrite of potassium. 

106. The Hydrates are really Salts. — It will be seen 
from the above formulas that the hydrates of the acids are 
sahs in which water plays the part of the base, and that ihe 
hydrates of the bases are salts in which water plays the 
part of the acid. 

107. T/ie Action of the Hydrates of the Acids on the Hy- 
drates of the Bases. — When the hydrates of the acids act 
on the hydrates of the bases, the metal of the base always 
changes place with the hydrogen of the acid, giving rise to 
a salt and water. As these salts contain three elements, 
they are called ternary salts. 
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The following equations represent the action of the hy- 
drates of nitric and sulphuric acid upon the hydrate of a 
base in each of the first three groups ; — 

or HK^ + lINOa = H,0 + KNO3 ; 

Na^-e, H,e + H,e, SOs = sH^e -j- Na^O, SOs, 
or sIINae- + H.SOj ^ sH.O + NiL^Se.. 

{2.) BaO, H^e + H^e, N^Oj = ^HjO + Sae, N^O,, 
or Il^BaOs + ziW^s = zHaO" + BaN^Oa ; 

Bae, H,e H- H.e, &0S = aH^e- + Bae, S&s, 
or II^BaOa + H^SO^ = 2 H,e + BaSO,,. 

The symbol for nitrate of barium is very often written 
Ba(N-e-3)2, or BazNOa instead of BaNaOo- We have seen, 
that the atom of potassium has the same atom-fixing power 
as an atom of hydrogen. And here tlie group of atoms 
N-&3 has the same atom-fixing power as an atom of hy- 
drogen, since they combine with one, and only one, atOKi 
of potassium. But an atom of barium has the same atom- 
lixing power as two atoms of hydrogen ; hence it requires 
double the group of atoms NO-j to satisfy it. This fact is 
at once indicated by the symbol Ba{N03)a or BaaNOj. 
The group of atoms SG-j, on the other hand, has the same 
atom-fixing power as two atoms of hydrogen ; hence it sat- 
isfies two atoms of sodium, but only one of barium. 

(3.) AU03, 3H,0 + 3(HjO, N2O,) = CH,0 -|- A1,0„ 

or H3A103 + 3HNOB = 3H,e-fAlN5e„ or Al(N-es)3; 
AljOs, sH^e + 3(H2e-, sea) = 6 H^O -f AI^Ob, 3&0a, 
or 2 H3 AlOs + 3 H,S:e4 = fiH^O + AUSs^i, or AUSe*},. 
The symbols and names of the ternary salts obtained in 
the above equations are as follows: — 
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K.5O, Na-es KNO3 Nitrate of potassium 

Ba-e-, Ns&s Ba(N03)2 " barium 

AlaOj, 3Ni,0s Al(Ne8)3 " aluminiam 

Na20, 808 NaaSe* Sulphate of sodium 

Bae,S©a BaSe^ " barium 

Al^Os, 3S©-3 Alsi^OOs " aluminium 

The atom-fixing power of the groups of atoms SOj and 
NO3 is striltingly shown by the following table : — 
K,e K^Se, I KCl K.N&, 

BaO BaSOi BaCI^ Ba(N03)a 

Ah&s Al,(Sei)3 1 AICI3 A1(N ^3)9 

Neitlier of the groups of atoms SO^ and NOg can exist 
in an uncombined state. The above formulas are not in- 
tended to convey the idea that SO^ and NO3 exist in the 
various salts as distinct compounds, but merely to express 
the fact that the group of atoms represented by B&t is 
equivalent in combination to one atom of oxygen or two 
of hydrogen, and the group of atoms represented by NO3 
is equivalent in combination to one atom of hydrogen. 

id8. Normal, Acid, and Basic Salts. — When the hy- 
drate of sulphuric acid acts upon the oxide of sodium, half 
of the hydrogen of the acid may be displaced by the sodi- 
um. This change is best represented by unitary symbols : 

Na,e- -f H2&e4 — HNaO- + HNa&04- 

This compound is regarded as a salt, and is called an 

(7(V'i/salt, or super'%i\X; while the' salt NaaSQ-j, in which all 

the hydrogen of the acid has been replaced by sodium, is 

called a normal salt. 

A normal salt, then, is one in which all the hydrogen of 
the acid has been replaced by an equivalent of a metal. 
It will be seen by the above formula for acid sulphate of 
sodium, that it contains more oxygen in proportion to the 
sodium than the normal salt NajSO^. Hence an acid salt 
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may be defined as one which contains more oxygen in pro- 
portion to the metal than, a normal salt. 

Salts sometimes contain more of the metal in proportion 
to the oxygen than a normal salt, and in that case are 
called bask salts, or sub-salts. 

109. Monobasic, Dibasic, and Tribasic Adds. — An acid, 
like the nitric, which can form only one salt with potassa or 
soda, is called monobasic. An acid, like the sulplmric, which 
can form two salts with potassa or soda, is called dibasic, or 
bibasic. An acid which can form three salts with the base 
is called iribasic. Phosphoric acid is tribasic. The hydrate 
of the acid and the three sails which the acid forms with ox- 
ide of sodium are represented by the following formulas:' — 
II^POj, phosphoric acid ; 
HsNaPOj, monobasic phosphate of sodium ; 
HNa^PO,, dibasic 
Na3P0„ tribasic " " 

or 

3H20, Ps05, phosphoric acid; 
NaaO, aHaO, Pa&s, monobasic phosphate of sodium; 
sNasO, H2O, P^Oj, dibasic 

sNas-e-, P^Oj, tribasic " " 

no. Problems. — 32. Show the action of the hydrates 
of sulphuric and nitric acid on the hydrates of the bases of 
the monad, dyad, and triad groups, using both the dualistic 
and unitary formulas. 

33. What is the name of each of the ternary salts formed f 

34. In each of these salts, what fraction of the whole 
weight does each element fonn? 

35. Show by the unitary formulas the action of the hy- 
drates of sulphuric and phosphoric acids on the oxides 
of potassium, sodium, and ammonium (100), giving all the 
salts that may be formed. 

1^ In these problems it is understood that normal salts 
are to be obtained, unless otherwise stated. 
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TERNARY SALTS FORMED BY SUBSTITUTIOxV. 

111. Ternary salts are formed, not only by the action of 
the hydrates of the acids upon the hydrates of the bases, 
but also by the action (i.) of the hydrates of bases upon 
ternary salts, (2.) of the hydrates of acids upon ternary 
salts, and (3.) of ternary salts upon each other. 

1. Thus when a soJution of hydrate of sodium is added to 
a soiMtionoi nilrale of lead, the sodium and the lead change 
places, z.nA hydrale of lead aoA nitrate of sodium are formed. 

Na^e, f laO + FbO, N,0^ = PbO, H2O 4- Noj^, N^Os ; 
or, 2HNa0 + Pb(N03)2 = HiPbOa + zNaNOj, 

The hydrate of lead is insoluble, and separates as a solid, 
while the nitrate of sodium remains in solution. When a 
solid separates in this way from a solution, it is called a 
preeipitate. 

2. When hydrate of sulphuric acid is added to a solution 
oi nitrate of lead, the hydrogen and the lead change places, 
forming sulphate of lead, which is insoluble, and hydrate of 
nitric acid. 

H^e, 503 + Pbe, NaO, = Pb-e, SOs + H,0,N,e5 ; 
or, HjS0i + Pb(N03)2 = PIjSOj + ^HNO^. 

3. When a solution of sulphate of cakiiim is added to a 
solution of nitrate of barium, the calcium and barium 
change places, forming sulphate of barium and nitrate of 
calcium. 

€ae, Se, + Bae, N^e, = Bae, 603 + €a0, N,0s ; 
or, €aSe, + BaCN03)s = Ba&0j + €a(N03)s. 

It appears in each of the above equations that the new 
compounds are formed by substitution. 
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DOUBLE DECOMPOSITION. 

113, IVhen sodium is thrown upon water, an atom of 
sodium, as we have seen (52), replaces an atom of hydro- 
gen in the molecyle of water, giving rise to a molecule of 
hydrate of sodium. 

H,0 + Na = HNa0 + H. 

Here, as only one substance is decomposed, the change 
which takes place may he descrihed as subsiiiution by single 
decomposition. In the cases given above (iii), itwill be 
noticed that both substances are decomposed ; hence the 
change is described as substitution by double decomposition. 

Experiments have brought to light the following impor- 
tant law : — 

When the solutions of two compounds are mixed, decomposi- 
tion always takes place wAen thereby an insoluble or gaseous 
compound can be formed. 

In such cases, 1 atom of a monad is regularly replaced 
by I atom of a monad ; i atom of a dyad by i atom of a 
dyad or 3 of a monad ; i atom of a Itiad by i of a triad or 
3 of a monad, or 3 atoms of a triad by 3 of a dyad ; and 1 
atom of a tetrad by i of a tetrad, 4 of a monad, or 2 of a 
dyad, or 3 atoms of a tetrad by 4 of a triad, 

113. Affinity modified by Cohesion. — Few solid com- 
pounds will act upon each other when brought together, 
while many of them will readily act upon each other in so- 
lution. The cohesion of the solid acts against the affinity 
between the elements of the two substances, preventing 
them from entering into combination. When the solids 
are dissolved this cohesion is overcome. 
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BINARY SALTS. 

114. The action of hydrochloric actd upon hydrate of 
sodium is shown in the following equation : 

Na^O, K,0 + 2HCI = 2NaCl + 2H.J& ; 
or, HNae + HCl — NaCl + HjO. 

When a hydracid acts upon the hydrate of a base, a 
binary compound is formed. This binary compound, since 
it results from the action of an add upon a base, is called 
a binary salt. 

115. Names and Symbols of Binary Salts. — The name of 
a binary salt is formed by changing the ending of the name 
of the non-metallic element into ide and adding the name of 
the metal. Thus the salt obtained above is called chloride 
of sodium. The salt obtained by the action of hydriodic 
acid on hydrate of potassium is called iodide of potassium. 
Hydrocyanic zxisA (100) forms binary salts called cyanides. 

The symbol of a binary salt is formed by writing the 
symbol of the non-metallic after the metallic element. 
The symbols for the two salts just mentioned are NaCI 
and KI. 

ACTION OF HYDRACIDS UPON BASES OF THE 
MONAD, DYAD, AND TRIAD GROUPS. 

1 15. — I. The action of hydrochloric and hydrosulphuric 
acids upon hydrate of potassium is represented by the fol- 
lowing equations : 

HKO + HCl = KCl + H,e ; 

zHKO 4- H3S = KjS -j- 2H,e. 

The action of these acids upon other bases of the monad 

group is precisely like their action on hydi-ate of potassium. 
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2. The action of the same acids on hydrate of barium is 
as follows : 

HsBae^ 4- zHCl = BaClj + sHjO. 
H^Bae-s + H^e = BaS + aH^e. 

Their action upon the other regular bases of the dyad 
group is the same. 

3. Their action upon hydrate of aluminium is as follows : 

H^Aie, + 3HC! = AlCla + 3lL,B: 
aHsAlOa + 3H2S = Al^Ss + 6HaO. 

Their action on other triad bases is the same. The 
action of hydrobromic, hydrocyanic (loo), hydrofluoric, and 
hydriodic acids upon bases is like that of hydrochloric 
acid. 

It will be noticed in the iirst of the above equations that 
only one molecule of the base HKO and one of the a.,id 
HCl are represented, since only one atom of potassium and 
one of chlorine are needed to form a molecule of chloride 
of potassium, KCl. When hydro sulphuric acid, H^S, is 
represented as acting on the same base, HKO, two mole- 
cules of the base are represented, since two atoms of 
potassium are required to combine with one atom of sul- 
phur to form a molecule of sulphide of potassium, KjS. 
Chloride of barium, BaClj, contains two atoms of chlorine ; 
hence two molecules of hydrochloric acid are represented 
as acting upon one molecule of the base HafiaOj- But 
since sulphide of barium, BaS, contains but one atom of 
sulphur, only one molecule of hydrosulphuric acid, HjS, is 
represented as acting upon the same base, HaBaOj. For 
a like reason, three molecules of hydrochloric acid, HCl, 
are represented as acting upon one of the base HjAlOa, 
and three molecules of hydrosulphuric acid, H^S, as acting 
upon two molecules of H.^AIOs- 

117. lYoMems. — 36, Show the action of hydrochloric 
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and hydro sulphuric acids upon the bases of the monad, 
dyad, and triad groups, using the unitary formulas, 

37. How much metal in go kilogrammes of each binary 
salt formed ? 

38. How much iodine in a kilogramme of iodide of po- 
tassium? How much chlorine in the same amount of 
chloride of potassium? 



BINARY SALTS FORMED BY SUBSTITUTION. 

118. Binary salts are also formed by the action (i.) of 
hydracids upon binary salts, {2.) of binary salts upon each 
other, (3.) of hydracids upon ternary salts, and (4.) of binary 
salts upon ternary salts. The following equations will 
serve to illustrate the different cases : 

(i.) 2 AsCls + sHjS = AS3S5 + 6HC1 ; 

(2.) BiCls + 3KI = 3KCI -i- Bilg; 

(3.) Pb(Ne3)5 + 2HCI = 2HNO3 + PbClj ; 

{4.) 2 AgN0a 4^ €aCl, - £a(NeB)2 + 2 AgCl. 



THE LAW OF DOUBLE DECOMPOSITION. 

119. In the hydrates of acids it is evident that hydrogen 
plays the part ivhich the metal does in a ternary salt, while 
in hydracids it plays the part which the metal does in a 
binary salt For these and other reasons hydrogen has 
been regarded by many chemists as a metal. If hydrogen 
in the two cases just named be regarded as a metal, and if, 
consequently, the hydrates of the acids and bases be re- 
garded as ternary salts, and the hydracids as binary salts, 
all the cases of double decomposition given above may be 
brought under this one general rule : — 

When two salts on the mixture of their solutions 1, 
mutual decomposition, the metals change places. 
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As before stated, the salts always undergo this mtctual de- 
eomposition when an huoluhk or volatile compound can thus 
beformed. 

130. Problems. — 39. Show the reaction between nitrate 
of lead and hydrate of sodium. 

^^ AnyjChemical change is called a reaction. 

40. Show the reaction between nitrate of silver and hy- 
drate of ammonium. 

41. Nitrate of silver and chromate of potassium. 

42. Nitrate of lead and chromate of potassium. 

43. Mercurous nitrate and chromate of potassium. 

44. Nitrate of silver and hydrate of sulphuric acid. 

45. Nitrate of lead and hydrate of sulphuric acid. 

46. Sulphate of copper and hydrate of potassium. 

47. Sulphate of copper and chromate of sodium. 

48. Sulphate of manganese and hydrate of sodium. 

49. Sulphate of zinc and hydrate of potassium. 
56. Nitrate of cobalt and hydrate of sodium. 

51. Sulphate of nickel and hydrate of potassium. 

52. Sulphate of manganese and carbonate of ammonium, 

53. Nitrate of barium and carbonate of ai 

54. Sulphate of calcium and carbonate of a; 

55. Nitrate of strontium and sulphate of calcium. 

56. Nitrate of barium and chromate of sodium. 

57. Sulpliate of aluminium and hydrate of ammonium. 

58. Hydrate of ammonium and sulphate of chromium, 

59. Ferrous nitrate and hydrate of ammonium. 

60. Hydrochloric acid and nitrate of silver, 

61. Hydrochloric acid and nitrate of lead. 

62. Hydrochloric acid and mercurous nitrate. 

63. Hydrosuiphuric acid and nitrate of silver, 

64. Hydrosuiphuric acid and nitrate of lead. 

65. Hydrosuiphuric acid and mercurous nitrate. 

66. Nitrate of silver and iodide of potassium. 

67. Iodide of potassium and nitrate of lead. 
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68. Iodide of potassium and mercurous nitrate. 

69. Stannous chloride (SnCy and hydrosulpli uric acid. 

70. Stannic chloride (SnClj) and hydrosulphuric acid. 

71. Chloride of bismuth and hydrosulphuric acid, 
■J2. Stannous chloride and hydrate of potassium. 

73. Chloride of gold and hydrosulphuric acid. 

74. Chloride of platinum and iodide of potassium. 

75. Chloride of gold and iodide of potassium. 

76. Mercuric chloride and sulphide of hydrogen. 

77. Chloride of bismuth and sulphuretted hydrogen. 

78. Chloride of cadmium and hydrosulphuric acid. 

79. Sulphate of copper and hydrosulphuric acid. 

80. Chloride of cadmium and hydrate of potassium. 

81. Mercuric chloride and iodide of potassium. 
8z. Sulphate of copper and iodide of potassium. 

S3. Chloride of cadmium and chromate of potassium. 

84. Chloride of aluminium and hydrate of a 

85. Chloride of barium and carbonate of ai 

86. Chloride of strontium and carbonate of ammonium. 

87. Chloride of calcium and carbonate of ammonium. 

88. Chloride of strontium and sulphate of calcium 

89. Chloride of barium and hydrate of sodium 

90. Chloride of barium and carbonate of sodium 

91. Chloride of barium and silicate of potassium 

92. Chloride of calcium and silicate of potassium 

93. Chloride of calcium and carbonate of sodium 

94. Nitrate of silver and carbonate of potiasium 

95. Nitrate of silver and silicate of potass um 

96. Chloride of barium and fluoride of potiasium 

97. Chloride of calcium and fluoride of aodum 

98. Nitrate of silver and chloride of sodium 

99. Nitrate of silver and bromide of potass im * 

* See Appendi.f, 2S. 
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SUMMARY. 

It 1% possible to deconipo'ie water nta l}drogen and 
o\}gen Lit tl ere is no w ly known by whi li l)d Oj,cn 
and oxygen can be decomposed into simpler substances 
We therefore d Mde substances into two classes — 

ist Ekm^ni or substances which cannot be decom 
posed by any known process. Of these only 65 are known. 

sd. Compounds, or substances made up of elements. 
(46-49.) 

1\i.Q force which causes elements to combine is called 
Affinity. 

Water is wholly unlike either hydrogen or oxygen, or 
the mere mechanical mbcture of the two gases. This illus- 
trates the first characteristic of affinity ; that it changes the 
properties of the substances -which it causes to combine. 

Hydrogen and oxygen always exist in water in the pro- 
portion of two parts of hydrogen by volume to one part of 
ox)'gen, or two parts of hydrogen by weight to sixteen parts 
of oxygen. This illustrates the second characteristic of 
affinity ; ^that it always causes substances to combine in fixed 
and definite quantities. This law of combination is called 
the Law of Definite Proportions. (50.) 

Sodium and potassium in acting upon water set the hy- 
drogen free from the oxygen, and take its place in combi- 
nation with the oxygen. This illustrates the third charac- 
teristic of affinity ; that a given element combines with some 
elements in preference to others.* (51.) 

Potassium or sodium can displace half of the hydrogen 

from water, or the whole, giving rise to two compounds ; 

the first containing potassium (or sodium), hydrogen, and 

oxygen; the second, potassium (or sodium) and oxygen. 

* See Appendix, 20. 
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are indivtsibk by affinity, and which are hence called atoms. 
A molecule of water is made up of two atoms of hydrogen 
atid one of oxygen. (52.) 

Alatter is, then, divisible in a threefold way ; — 
ist. By mechanical means into minute but sensible 
masses. 

2d. By means of heat into insensible portions, called 
mo/ecu^es. 

3d. By means of affinity into a/oOTi-. (53.) 
If the weight of the hydrogen atom be taken as unity, 
the weight of the oxygen atom will be iS, Since 23 parts 
by weight of sodium and 39 of potassium are required to 
displace one part of hydrogen, the atomic weights of those 
elements are 23 and 39 respectively. (52.) 

The composition of substances and the chemical changes 
which they undergo can be briefly indicated by certain signs- 
called symbols. (54.) 

The symbol of an element is the first letter of its name, a 
second letter being added to distinguish names beginning 
with the same letter. The symbol of an element always 
stands for one atom of the element. (55.) 

The symbol of a compound indicates its composition. It 
is formed by writing together the symbols of the elements 
of the compound, with a small figure after each symbol ex- 
pressing the number of atoms of that element found in a 
molecule of the compound. The symbol of a compound 
always stands for one molecule of the compound. (56.) 

The chemical changes, or reactions, which substances 
undergo, are indicated by equations made up of these sym- 
bols. {57.) 

On examining the three compounds, muriatic acid, am- 
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monla, and marsJt gas, it appears that a molecule of the 
first is made up of one atom of hydrogen and one of chlo- 
rine ; that a molecule of the second is made up of three 
atoms of hydrogen and one of nitrogen ; and that a mole- 
cule of the third is made up oifour atoms of hydrogen and 
one of carbon. {59 - 74.) 

The atoms of different elements, then, have power to fix 
in combination a different number of atoms of hydrogen. 
Thus, 

ydrogen ; 



atom of chlorine c. 


an fix- 


r atom 1 


" o'^ygen 




z atoms 


" nitrogen 




1 " 



1 " carbon " 4 " " 

Hence we classify the elements into four groups : — 

isL Monatomic ^fita^TiX^ or Monads ; those whose atom 
has the same atom-fixing power as one atom of hydrogen. 

2d. Diaiomk t\tra^nX% ox Dyads ; those whose atom has 
the same atom-fixing power as two atoms of hydrogen. 

3d. Triatomic elements, or Triads; those whose atom 
has the same atom-fixing power as three atoms of hydrogen. 

4th. T^rrti'dOTiV elements, or Telrads ; those whose atom 
has the same atom-fixing power zs,four atoms of hydrogen, 
(76-79.} 

The compounds of nitrogen and oxygen show that the 
same elements may combine in more than one proportion, 
and that in such cases the proportions of the elements in 
the compounds are always multiples of the atomic weight of 
the elements- This law of combination is known as the 
Law of Multiple Proportions. {80 - 82.) 

On examining the compounds of oxygen it is found tiiat 
they can be arranged in three classes : — 

ist. Acids; which in solution have the power to turn 
blue litmus-paper to red. 

sd. Bases; which in solution turn red litmus-paper to 
blue. 
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3d. Neutrals; whose solutions have no effect on either 
red or blue litmus-paper. (84,) 

Oi Acids there are two classes : — 

ist. Oxyadds {or oxygen acids), whose common element 
is oxygen. 

2d. Hydracids {or hydrogen adds), whose common ele- 
ment is hydrogen. {87.) 

Oxyadds are named from the element with which the 
oxygen combines ; hydracids from both elements. (88, 89.) 

Hydrogen never forms more than one acid with the same 
element. Oxygen often forms two or more acids with the 
same element 

When oxygen combines with the same element in several 
proportions, the higher compounds are likely to be acids, 
while the lower are either bases or neutrals. (86.) 

When oxygen forms more than one acid with the same 
element, they are distinguished by the endings ic and ous, 
and by the prefixes hypo and hyper, and in some cases by 
other prefixes. (85.) 

Bases and neutrals are called oxides: Wlien two oxides 
are formed with the same element, they are distinguished 
by the endings ic and eus, and often by means of prefixes. 
(86,) 

The oxyacids and the bases are usually combined with 
water, and are then called hydrates. (94.) 

The composition of these hydrates can be represented 
by means of symbols in two ways ; — 

ist. By writing together the symbol of the anhydrous 
add or base and the symbol of water, separating the two by 
a comma. 

2d. By writing together the symbols of the elements con- 
tained in the hydrate. 

The first method is called the duallstic method, since it 
represents the hydrate as formed by the combination oitwo 
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The second is called the unitary method, since it repre- 
sents the hydrate as a compound containing three elements. 
(95 -99-) 

The hydrogen of the hydrate of an acid may be replaced 
by a metal, giving rise to a compound called a salt. 

The composition of a salt, like that of a hydrate, may be 
represented by the dualistic and the unitary methods. The 
former represents the salt as made up of an anhydrous base 
and an acid; the latter represents it as a compound of three 
elements. (103, 104.) The salts which contain three ele- 
ments are called ternary salts. (107.) 
. Ternary salts may be classified as follows : — 

ist Normal salts; those in which the hydrogen of the 
hydrate of the acid is wholly replaced by an equivalent of 
the metaL 

2d. AcidsAXs,; thosewhich contain /«j metal in propor- 
tion to the oxygen than a normal salt. 

3d. Basic salts ; those which contain more metal in pro- 
portion to the oxygen than a normal salt. (108.) 

Ternary salts are named from the acid and base which 
combine to form them ; by changing the ending ic of the 
name of the acid into ate^ and oiis into ite, and adding the 
name of the metal of the base, {105.) 

Certain groups of elementary atoms act in compounds 
like single elementary atoms. Such groups of atoms are 
called compound radicals. Some compound radicals can 
exist in a free state, others cannot. (100.) 

When the hydrogen of the hydracids is replaced by a 
metal, a compound containing two elements is formed, 
which is called a Unary salt. (ii4.) 

Binary salts- are named from the two elements which 
combine to form them ; by changing the ending of the 
name of the non-metallic element into ide, and adding the 
name of the metal. (115-) 

The hydrates of the acids may be regarded as ternary sails 
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in which hydrogen plays the part of a metal; and the hy- 
dr(uids may be regarded as binary salts, in which hydrogen 
is the metal. (io6, 107, 119-) 

When the solutions of the salts are mixed, mutual de- 
composition takes place whenever an insoluble or gaseous 
compound can thus be formed. In this decomposition the 
metals of the salts merely change places j hydrogen being 
regarded as a metal. Hence the decomposition is said to 
take place hf substitution ; and, since both the original salts 
are decomposed, it is called double decomposHion. (in, 
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COMBUSTION AND ITS PRODUCTS. 

121. When a lighted taper is held to a jet of ordinary 
coal-gas, the latter takes fire. In what does the burning 
of the coal-gas consist? 

122. The Products of the Burning of Coal-Gas are Car-, 
honic Acid and Water. — We wil! first find what is produced 
when coal-gas burns. 

Invert a bottle over a gas-burner a short time ; then 
remove it, pour in a little lime-water, close the mouth of 
the bottle with the hand, and shake it. The lime-water 
becomes milky-white. If lime-water is shaken in a bottle 
filled with air, it remains unchanged. Some new substance 
then has been formed by the burning of the gas. 

Fasten a bit of charcoal to a wire, light it, and plunge it 
into a jar of oxygen. The charcoal glows brightly for a 
short time, and is then extinguished. If now we pour 
some lime-water into the jar and shake it, the liquid be- 
comes milky-white ; showing that the same substance is 
produced when carbon burns in oxygen as when gas burns 
in the air. Tliis substance is of course a compound of 
carbon and oxygen, and since it will turn moistened blue 
litmus-paper to red, it is called carbonic add. {84, 89.) 

Carbonic acid, then, is one product of the burning of 
coal-gas. 

If a jet of coal-gas be burned tmder a tin funnel con- 
nected with a long glass tube (which must be kept cold), 
moisture will soon collect on the inside of the tube. After 
a short time, enough will have collected to trickle down 
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and drop from the end of the tube. If a bit of potassium 
be put into this liquid, it will burn wttli a rose-colored flame ; 
showing that tlie liquid is water. 




Water then is a lotber product of the burnn g of coal-gas. 
It has been found that no other substincc is produced, ex- 
cept m very minute quantities, by the burning of coal-gas. 

123. Does Coal- Gas in burning remove anything from the 
Air ? — Arrange a gas-burner so that it can be covered with 
a bell-jar whose mouth dips beneath the surface of water,* 
If now we light the gas and cover it with the jar, it soon 
ceases to burn, and the water rises in the jar. The coal- 
gas, then, in burning, does remove something from the air. 

124. The Coal-Gas removes Oxygen from the Air. — In- 
Fig. 34. ^'^rt a jar of air over a jar of nitric oxide, and 

the gases on mixing become cheuyred show 
ing that there is osygen n the a r (80 81) 

Bum a piece of phosphorus in 1 ] ir of t. r 
over water.t The jir is filled w th dense 
white fumes, which are soon absorbed bj the 
water, which rises and pirtnlly fills the jar 
Introduce now some n trie o\ de into the y\.r 
while still over the witer and the gas shons 
scarcely a trace of red color It is e^ dent 
* See Appendix, 21. f See ^ppeid \ 
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then, that the free oxygen has been ahuost wholly removed 
from Ihe air by the burning phosphorus. 

Introduce a jet of burning coal-gas into air from which 
the oxygen has been removed in this way, and it is at once 
extinguished. 

Coal-gas in burning, then, removes oxygen from the air. 

125. The Bunting of Coal-Gas consists in the Combination 
of the free Oxygen of the Air with the Carbon and Hydrogen 
of the Gas. — Carbonic acid, one of the products of the 
burning of coal-gas, is, as we have learned (122), a com- 
pound of carbon and oxygen ; water, the other product, we 
know to be a compound of hydrogen and oxygen. Of the 
three elements Jn these products, the oxygen, as we have 
seen, comes from the air ; the carbon and hydrogen exist 
in the coal-gas. 

The force, then, which causes the coal-gas to burn, is 
affinity, and the burning consists in the combination of the 
oxygen of the air with the elements of the gas. 

126. All ordinary Combustion consists in the Combination 
of the Oxygen of the Air with the burning Substance. — We 
have already seen that carbon and phosphorus, as well as 
coal-gas, in burning combine with oxygen. If any ordi- 
nary combustible substance, such as a taper, wax, or wood, 
be ignited and plunged into a jar of air from which oxygen 
has been removed, it is instantly extinguislied ; showing 
that it cannot burn without a supply of oxygen. And if 
we burn any of these substances in a jar inverted over 
water, we see, as in the case of the phosphorus (124), that 
they remove something from the air. We therefore con- 
clude that all ordinary combustion consists in the combi- 
nation of the oxygen of the air with the burning body. 

127. Why a Draft is necessary in Stoves and Furnaces. — 
Since combustion is the combination of oxygen with the 
burning body, sve see why our stoves and furnaces must 
have a draft. As fast as the oxygen is taken from the air 
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by the burning fuel, this air must be removed, and a fresh 
supply must take its place. In other words, a stream of air 
must be kept constantly flowing over or through the fuel. 

We see, also, how the fire can be regulated by means of 
the draft. If the doors or dampers through which the air 
is admitted be partially closed, the supply of air will be di- 
minished, and the burning will therefore be retarded. 

128. Comhusiibks and Supporters of Combustion. — Any 
substance, as coal-gas, which can be made to burn, is called 
a eombustible; while any substance, as air or oxygen, in 
which it can burn, is called a supporter of eombusiion. 
These terms are convenient, though, strictly speaking, the 
one substance is no more a combustible or a supporter of 
combustion than the other. Since the burning of coal-gas 
consists in the combination of the gas with oxygen, the 
oxygen in reaiity burns, as well as the gas ; and, on the 
Other hand, the gas is as much a supporter of the com- 
bustion as the oxygen. The burning must of course take 
piace where the gases come together. A jet of oxygen 
would appear to burn in an atmosphere of coal-gas, just as a 
jet of coal-gas appears to burn in an atmosphere of oxygen. 
Fig, 3S. Fit a cork to one 

end of a lamp chim- 
ney, and let the tip 
of a gas-burner pass 
through it, as rep- 
resented in the fig- 
ure. Allow the gas 
to escape for some 
time, and then light 
it at the top of the 
chimney, It will 
burn quietly, and the 
chimney will evidently be filled with coal-gas. Fill a gas- 
bag with owgen and fasten to the bag a bent glass tube 
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drawn out into a fine jet. Force the oxygen through the 
tube in a gentle stream, and introduce the end of tho tube 
through the flame into the chimney. As it passes tlie flame, 
the oxygen talces fire and burns brightly in the coal-gas ; 
tlie oxygen apparently becoming the combustible body, and 
the coal-gas the supporter of combustion. 

In both the flames which we have here, it will be seen 
that gases are burning where they come together ; — the 
coal-gas and the oxygen of the air, where they meet at the 
top of the chimney ; the oxygen from the bag and the coal- 
gas, where they meet at the end of the tube. 

IZ9. What Fraction of the Air is free Oxygen ? — When 
phosphorus is burned in a jar of air over water, it removes, 
as we have seen, the free oxygen from the air, and the 
water rises in the jar to take its place. After all the oxy- 
gen has combined with the phosphorus, and the compound 
formed has been absorbed by the water, the jar is found 
to be about one fifth filled with water ; showing that about 
one fifth of the air is oxygen. 

130. Oxygen must be Heated before it will combine with 
ordinary Combustibles. — The jet of coal-gas shows no dis- 
position to bum until a lighted taper is applied to it. The 
oxygen of the air is at all times in contact with wood and 
coal, yet they do not burn unless they are first kindled. 
When even as inflammable a gas as hydrogen is mixed 
with oxygen, it does not burn unless ignited with a taper 
or an electric spark (50). At ordinary temperatures oxy- 
gen is one of the most passive of substances ; but when 
heated it becomes very active. Its aflinity is dormant 
until it is heated, when it is aroused to the intensest energy. 
When the lighted taper is held to the coal-gas, it heats the 
molecules of oxygen in contact with the gas, and rouses 
them to activity. These molecules then rush into combi- 
nation with the gas with sufficient energy to develop the 
light and heat of the flame. 
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The passive condition of oxygen at ordinary tempera- 
tures, and the energy with which it rushes into combination 
when once aroused by heat, are shown by the following 
experiments. 

Fill a rubber bag with a mixture of two measures of hy- 
drogen and one of oxygen.* Attach a common clay pipe 
to the bag by a rubber tube, and blow some soap-bubbles 
with this mixture. Apply a lighted taper to these bubbles to 
heat the molecules of oxygen within. A violent explosion 
follows, showing with what energy the oxygen combines 
with the hydrogen when its aiSnity is once roused to activity, 
Fi^ j^ Fill one of the bell-jars of 

the gas-holder represented in 
the figure with oxygen, and 
the other with hydrogen. 
Connect the bell-jars with a 
burner by means of rubber 
tubes. This bunier is so 
constructed that it allows the 
hydrogen to pass through it 
just twice as fast as the oxy- 
gen and the gises Lin mix 
onij at the end ot the jet, as 
shown in Figure 37 Force 
the gases thicugh the tubes 
by placing weights on the 
belljari and lanite the mix- 
ture as it esripe Hold a 
copper or iron wire in this 
flame and it bums as readily 
as a pme shuing held m the flime of a lamp \ steel 
watch spnnu burns with biiUiant scintillations If a bit of 
zinc IS placed on a piece of charcoal hollowed out for the 
purpose, and this flame is directed upon it, the metal quick- 
* See Appendix, 23. 
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!y melts and burns. Antimony, bismuth, and many other 
metals, will burn in the same way, each with a characteristic 
light. Cast-iron burns 
with a shower of bright 
sparks. 

The flame produced 
in this way is called the 
oxy-hydrogen flame. Its 
intense heat, which is 
evident from the experi- 
ments just given, shows 

the energy with which the oxj'gen combines with the hy- 
drogen. 

131. Combustion is Self-sustaining. — It is not necessary 
to arouse any large amount of oxygen to activity in order 
to insure the continuance of the combustion. \Vhen, for 
instance, a lighted match is held to the wick of a candle, it 
excites but a few molecules of oxygen to activity. Tliese 
few rush into combination with the elements of the candle, 
and by so doing develop sufficient heat to awaken the 
activity of more oxygen, which in turn enters into com- 
bination and develops more heat. In this way a supply 
of active oxygen is maintained until the candle is con- 
sumed. 

132. Tlie Point of Ignition. — Different substances begin 
to burn at very different temperatures. This is well illus- 
trated in the kindling of a coa! fire. Shavings are put into 
the grate first, then kindling-wood, then charcoal, and finally 
hard coal. Tlie shavings are lighted by means of a match. 
The match is a bit of dry, soft wood, one end of which is 
covered with sulphur and tipped with phosphorus. It is a 
well-known fact, that when two bodies are rubbed together 
heat is developed. On striking the match sufficient heat 
is developed by the friction to ignite the phosphorus, which 
takes fire at a temperature of about 150° Fahrenheit. The 
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phosphorus in burning develops heat enough to ignite the 
sulphur, which burns at a temperature of about 500°. The 
burning sulphur develops heat enougli to ignite the wood 
of the match ; the match, to ignite the shaving ; the shav- 
ing, the kindling-wood ; the Icindhng-wood, tlie charcoal ; 
and the charcoal, the hard coal, which requires the temper- 
ature of a full white heat to set it on iire. 

133. The Products of Combustion are not always Gaseous. 
— In the burning of coal-gas and of a candle, the products 
are wholly gaseous, and in the burning of wood they are 
mainly gaseous ; but when metals, as copper and iron, burn 
in the oxy-hydrogen flame, the products of their combus- 
tion are seen to be solid. 

Th B m of Metals in the Oxy-hydrogen Flame 

I C bination with Oxygen. — Bend a steel 

1 [ 1 form of a spiral, fasten a bit of wood 

d f 1 h the wood, and plunge the spring into 

J f The steei takes fire, and burns with 

b 1 11 The molten product of the combus- 

f 11 1 ater in the bottom of the jar. If this 

p d b f 11) collected and weighed. It will be found 

gh ra h the spring did at first. It is evident, 

h 1 I burning combines with oxygen. 

Vh is burned in the oxy-hydrogen flame, 

f II 1 d re collected and weighed, they would 

b f d 1 ore than the wire; and since iron can- 

fa m d b in hydrogen or in the air from which 
oxygen has been removed, we conclude that in burning in 
this flame it combines with oxygen. 

If a piece of potassium or sodium be placed in a defla- 
grating spoon, t heated, and plunged into a jar of oxygen, 
it will burn brightly for a time. The product of the com- 
bustion is a white solid, which by the usual tests (84) we 
find to be oxide of potassium or sodium. 

* See Appendix, 24. t See Appendix, 25. 
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135. Magnesium, and some other Metals will bum m the 
Air.— A magnesium wire will burn brightly in the air. It 
may be lighted with a match. Calcium, also, burns readily 
in the air ; as aluminium does if pulverized and strongly 
heated. Silicon, also, a non-metallic element, but somewhat 
like a metal in appearance, burns very readily in the air. 

It will be noticed that all the elements just mentioned 
are rare in their free state. Many of the rare raetals, as 
potassium, sodium, magnesium, and calcium, are as com- 
bustible as carbon ; but they differ from carbon in giving 
rise to solid products while burning (133). 

136. Oxygen is not tlie ortXy Supporter of Combustion. — 
If a piece of go!d-leaf or Dutch foil be dropped into a jar 
of dilorine, it disappears with a flash of light. Here the 
burning consists in a combination with chlorine. Tin and 
copper foil and pulverized antimony wilt also bum in chlo- 
rine. Many metals will burn in the vapor of sulphur; die 
burning being then a combination of the metal with sulphur. 

137. The Materials of the EartMs Crust are ehiejly Chem- 
ical Compounds. — If bits of marble are put into a bottle 
and hydrochloric acid poured over them, a violent efferves- 
cence takes place, and a gas is set free which may be col- 




lected over water. If lime-water be poured into a jar of 
this gas and shaken, it turns milky-white, showing the gas 
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to be carbonic acid (122}. Marble, ihen, mvist contain car- 
bonic acid, since hydrochloric acid contains only hydrogen 
and chlorine. 

If the liquid which remains after the marble has been 
acted upon by the hydrochloric acid be evaporated to dry- 
ness, a white solid is obtained. This solid has been de- 
composed by the electric current into chlorine and a yellow 
metal called calcium; showing that it is a compound of 
chlorine and calcium. The chlorine evidently comes from 
the hydrochloric acid, and the calcium must iiave come 
from the marble. Marble, then, contains carbonic acid 
and calcium, and the chlorine of the hydrochloric acid in 
acting upon the marble sets the carbonic acid free. The 
existence of the meta! calcium and of carbonic acid in 
marble seems to indicate that marble is carbmate of cal- 
cium. If so, ils composition would be Ca-e-O-a, and the 
action of hydrochloric acid upon it would be expressed by 
tlie equation, 

Ca€03 + 2HCI = -eaCla + H^O + £0^ 

Careful analysis has shown that marble is almost pure 
carbonate of calcium. We find, then, in marble two very 
combustible substances, calcium and carbon, combined 
with oxygen. Limestone has the same composition. Cal- 
cium, then, which is a very great rarity in a free state, is a 
very abundant element in nature. Its great rarity an a free 
state is due to its very great combustibility. It is almost 
impossible to separate it from oxygen, and, when once sep- 
arated, to keep it from combining with oxygen again. 

It has been found that all the rocks and solid matter of 
the earth are chemical compounds. The rocks are made 
up chiefly of such combustible elements as potassium, cal- 
cium, magnesium, aluminium, and carbon, combined with 
oxygen. Many of the rarest and most costly metals, then, 
are the most abundant in nature. The fact that they are 
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SO rare in a free state is due to their extreme combusti- 
bility. 

138. The Present Materials of the Earth are Products of 
Combustion. — We see, then, that water, the most abundant 
of liquids, is made up of the very combustible elements hy- 
drogen and oxygen ; while the soHd materials of the earth 
are composed chiefly of the very combustible elements po- 
tassium, magnesium, calcium, aluminium, carbon, and sili- 
con, in combination with oxygen. These materials are the 
products of combustion There must have been a time 

1 th I m t d t g tl f e state. Then, 

by 1 t tl t ok fire, and the 

fl g t a^, 1 1 1 11 fl t nal 'ere consumed. 
Tl m J tl id tor the combus- 

t a d th f d f f ee state. Oxy- 

g tl t b I t f II tl 1 ments, since it 

al n k I 1 If th git f 1 lid earth, eight 

n nth tl e w gl t f ti w t d hfth the weight of 

the atmosphere. 

Most of the materials of the solid earth are, as has been 
stated, binary or ternary compounds of oxygen. Some of 
the metals are found combined with chlorine and sulphur. 
This is as we should expect, since many of the metals can 
burn in chlorine or in the vapor of sulphur (136). 

139. Free Oxygen is not necessary to the Support of Com- 
bustion, ^-^'it Iiave seen {46) that potassium and sodium 
will burn on water. Here the combustion is supported by 
the combined oxygen of the water. 

If a mixture of pulverized charcoal and saltpetre be 
heated in a small crucible, the charcoal burns with great 
brilliancy. About half the weight of saltpetre is oxygen. 
When heated with carbon or other combustible substances, 
it gives up a part of its oxj-gen very readily. The oxygen 
thus set free rushes into combination with the combustible 
substance, causing it to burn vigorously. 
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Gunpowder is an intimate mixture of pulverized cliar- 
coal, sulpliur, and saltpetre. A moderate heat causes the 
carbon and oxygen to combine and the powder to explode. 

If zinc be melted in an iron ladle and powdered salt- 
petre be thrown upon it, the zinc will burn with great bril- 
liancy. Here, also, the oxygen is supplied by tlie saltpetre. 

140. Reduction of Metallic Ores by means of Carbon. — 
The affinity of carbon for oxygen at a high temperature is 
so great, that this element will bum when strongly heated 
with the metallic oxides. The carbon m burning combines 
with the oxygen of the oxide, and leaves the metal in a free 
state. Advantage is taken of this fact in the reduction of 
metallic ores. 

The metals, as has been stated, are found in nature 
chiefly in combination with oxygen, sulphur, and chlorine. 
These compounds are called ores. The oxides are com- 
monly reduced to the metallic state by heating them with 
carbon. The sulphides are first roasted ; that is, heated 
while exposed to the air. The oxygen of the air combines 
with the sulphur of the ore to form a gas called sulphurous 
acid, and tlie metal also combines with the oxygen of the 
air to form the oxide of the metal. This oxide is then re- 
duced to the metallic state by heating it with carbon. 

The roasting is done in what is called a reverberatory 
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furnace, represented in Pici"e 39 The oil is put into the 
hoppers H H from which it falls i to the chamber C 
where it is spread out on the le-i c c Ihe fuel s buined 
on a hearth at i sepaiated fiom the ore \yj the briJge b 
The heated gises rising from the burning fuel are le srlei 
ated, or reflected by the irchcd roof of the furnace and 
driven down upon the ore and then pass off through the 
fluey! When the ore is sufficiently roaste 1 it is allowed 
to fall through open ^ d d into the chamber E The 
ore is stined from time to time to expose fresh surfaces to 
the action of the air and the flime 

The reduction ~>i the metallic ores is best illustiited by 
the rediiction of iron ore Thi. tlxU Juiiiic employed 
for this purpose is lep- 
resented in Fij,ure 40 
These furnaces are usu 
ally about fiftj feet high 
and about fifteen feet in 
diameter in the wide t 
part of the cavity C D 
The lowest pait F s 
called the ru tbl or 
hearth. I I aie the 
tuyeres, or pipes through 
which air is forced by 
powerful bellow s A A 
and M are ircl cd gil 
leries for the con n 
ience of woikmen em 
ployed about the fur 
nace. IVhen working 
regularly, the furnicc is 
charged from 1 dooi at 




the 



id of the g^llerj neii the top fir twithco-i! ant! then 
th a mi\tu ot loast J 01c an 1 hmesljne bioken into 
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small pieces. As the fuel burns away and the materials 
gradually sink, fresh supplies of fuel and of ore are added ; 
so that the furnace is kept filled with alternate layers of 
each. 

The oxygen of the air from the bellows combines witli 
the carbon of the fuel, forming carbonic oxicle, which rises 
through the porous mass, and, taking the oxygen from the 
ore, becomes converted into carbonic acid. The iron 
mixed with the eartliy matter of the ore settles down into 
the hottest part of the furnace, where both are melted. 
The iron, being the heavier, sinks to the bottom, where it 
is drawn off at intervals through a tap-hole in the floor IT. 
The lighter earthy matter, or slag, floats on the surface of 
the iron, like oil on water, and flows off through an opening 
above the tymp-stone L. The limestone aids in liquefying 
the earthy matter, and unites with it to form the slag. 

The separation of metals from the ores, then, is seen to 
be a process of combustion. If the ore be a sulphide (or 
an arsenide) of the metal, this is first burned at the expense 
of the oxygen of the air, and the sulphur (or arsenic) is 
converted into sulphurous (or arsenious) acid, and the metal 
into an oxide. 

This oxide (or the original ore, if it is an oxide) is mixed 
with carbon and heated, and the carbon burns at the ex- 
pense of the oxygen of the ore, and the metal is left free. 

141. Slow Contbusiion. — We have already seen that 
when iron and other metals are burned in the air or in 
oxygen, they are converted into oxides. If potassium or 
sodium be exposed to the air, they soon become coated 
with a white solid, which is found to be the same as is 
formed when they are burned in oxygen. 

This change, or oxidation, has taken place quietly, with- 
out development of light, and apparently without develop- 
ment of heat. 

So, too, when iron is exposed to moist air, it becomes 
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covered with a grayish red film, which resembles the powder 
which collects on the sides of the jar wlien iron is burned 
in oxygen. It is, in fact, the same substance. Here, too, 
the oxidation takes place quietly, and no hght is developed, 
and apparently no heat. 

This very gradual burning of a substance without devel- 
opment of light, is called slow combustion. When the met- 
als are thus slowly oxidized, the process is called rusting, 
and the oxide formed is called rust. All the familiar met- 
als, except silver, gold, and platinum, are tarnished on ex- 
posure to the air; that is, they become covered with a film 
of rust, or oxide. 

142. Rusting is attended witk Devdopment of Heai. — This 
slow oxidation of the metals, as has been stated, takes 
place apparently without development of heat. But heat 
is really developed during rusting, though usually so slowly 
that it is not perceived. If a large pile of iron-filings be 
moistened and exposed to the action of the air, they rust 
rapidly, and the temperature rises perceptibly. 

A remarkable case of heat developed by rusting oc- 
curred in England during the manufacture of a submarine 
electric cable. The copper wire of the cable was covered 
with gutta-percha, tar, and hemp, and the whole enclosed 
in a casing of iron wire. The cable as it was finished was 
coiled in tanks filled with water ; these tanks leaked, and 
the water was therefore drawn off, leaving about 163 nau- 
tical miles of cable coiled in a mass 30 feet in diameter 
{with a space in ihe centre 6 feet in diameter) and 8 feet 
high. It rusted so rapidly that the temperature in the 
centre of the coil rose in four days from 66° to 79°, though 
the temperature of ihe air did not rise above 66° during the 
period, and was as low as 59° part of the time. The mass 
would have become even hotter, had it not been cooled by 
pouring on water. 

143. Decay is Slow Combustio?i. — Light a spHnt of 
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wood and hold it while burning under a funnel held in an 
inverted botlle. After a little time pour lime-water into 
the bottle and shake it. The lime-water becomes milky- 
white ; showing that carbonic acid has been produced by 
the burning of the wood. 

Hold a cold glass vessel over burning wood, and moist- 
ure collects on the inside ; showing that water is produced 
by the combustion. 

Carbonic acid and water, then, aie two of tlie products 
of ordinary combustion. Nitrogen has been found to be 
another product. 

Put some peas in a flask, cover them with water, and 
connect the flask by a glass 
tube with a second containing 
a little water. The end of the 
tube dips under the water in 
the second flask. Let the 
flasks stand for some time in 
a moderately warm place, and 
bubbles of gas will be seen to 
escape into Ihe second flask. 
If this gas is tested with lime-water, it is found to be car- 
bonic acid. 

After the peas have soaked a considerable time in the 
water, remove them and add hydrochloric acid to remove 
all vegetable matter. Filter a portion of the liquid into 
a test-tube, add oxide of sodium, and cover the mouth of 
the test-tube with moistened red litmus-paper. Heat the 
liquid, and the litmus-paper becomes blue; showing that 
the liquid contains ammonia. 

Carbonic acid and ammonia, then, are two of the pro- 
ducts of the decay of the peas. Water is known to be 
another product. 

We see, then, tliat the products of the ordinary combus- 
tion and of the decay of vegetable substances are nearly 
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identical ; — the former being chiefly carbonic acid, water, 
and nitrogen; the latter, carbonic acid, water, and ammo- 
nia. Hence we conclude that combustion and decay are 
analogous processes ; decay being, in fact, a kind of slow 
combustion. 

144. TAe Demy of Vegetable Substances develops Heat. — 
The oxidation of dead vegetable substances takes place so 
slowly at the ordinary temperatures, that the heat devel- 
oped is not perceptible. When, however, charcoal which 
has been finely pulverized for making gunpowder is exposed 
in large heaps, the oxygen of the air combines with it 
slowly at first ; but, as the heat developed accumulates, the 
oxidation becnraei more ripid until in some case= the mass 
takes fire and b ui s 

So too when cotton or to i whch has been used for 
wiping michmery and his become saturated w th ol is 
laid asde in heaps it begins to o\ dize lo\ilj but the 
heat developed causes the combustion to go on moie and 
more apidh unt 1 sometimes the heap bursts into 1 flan e 

This rapid cotnbustioi developed graduillj f om blow 
combustion is called j/ itau us eomliistion 

RESPIRATION. 
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146. Animals m Breathing remove Oxygen from ihs Air. 
- — It has been found that if a small animal, as a rat or 
a mouse, is placed on a float on the surface of water, and a 
bell-jar of air is placed over it, the water slowJy rises into 
the jar; showing that the animal in, breathing removes 
something from the air. After a time, the animal will die ; 
showing that the air has become unlit for respiration. It 
has also been found, that, if a burning candle be put under 
the bell-jar with the rat, he will not live half so long as 
when under the jar alone ; showing that animals in breath- 
ing remove the same substance from the air as bodies in 
burning, namely, oxygen. 

147. Carbonic Acid is a Product, but not the only Product, 
of Respiration. — If we breathe through a glass tube into 
lime-water, the liquid becomes milky. Hence, carbonic 
acid is one of the products of respiration. 

It has been seen that carbon, when burnt in oxygen, 
gives rise to carbonic acid. Now it has been found that, 
when carbon is burned in a jar of oxygen, the volume of 
the gas is neither increased nor diminished ; that is, when 
oxygen and carbon are converted into carbonic acid, the 
carbonic acid occupies just the same space as the oxygen 
which it contains occupied when in a free state. But when 
a rat breathes in confined air, it has been seen that the 
volume of the air is diminished. It is evident, then, that 
the oxygen removed from the air in respiration does not 
all reappear in the carbonic acid sent out in the breath. 

A part of the oxygen taken from the air appears in wa^ 
ter, which is a second product of respiration ; as may be 
shown by breathing upon any cold substance. 

A portion of the products of respiration are removed 
from the body in a liquid state, by the kidneys. The 
liquid is found to be highly charged with urea, a compound 
which contains nitrogen, and which, by the action of tlie 
air, gives rise to ammonia and carbonic acid. 
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148. TTie Products of Respiration are nearly the same as 
those of the Combustion and the Decay of Vegetable Substan- 
ces. — We see, then, that of the three chief products of the 
rapid combustion of vegetable substances, of the decay 
of such substances, and of respiration, two are identical, 
namely, ■water and carbonic acid ; while the third product, 
in the first of these processes, is nitrogen ; in the second, 
ammonia, a compound of nitrogen and hydrogen ; and in 
the third, urea, a compound of carbon, oxygen, hydrogen, 
and nitrogen. 

.149. Respiration is a Slow Combustion. — Respiration is 
thus seen to be a process of slow combustion, and the 
warmth of the body is due to the heat developed by this 
combustion. 

COMPOSITION OF VEGETABLE AND ANIMAL 
SUBSTANCES. 

150. From the products of the different kinds of com- 
bustion of vegetable substances, it is clear that the three 
elements, carbon, hydrogen, and nitrogen, are found in 
these substances. 

The presence of hydrogen and nitrogen may be shown 
by heating some vegetable substance, as beans or maca- 
roni, in a test-tube, with hydrate of sodium or hydrate of 
potassium. If moistened red litmus-paper is held at the 
mouth of the test-tube, it is at once turned blue. This 
proves that ammonia has been produced from the vegeta- 
ble matter. Ammonia, as we know, contains hydrogen and 
nitrogen; hence the vegetable matter must have contained 
tiiose elements. 

The existence of carbon and oxygen in vegetable sub- 
stances may be shown by taking any one of the three most 
abundant vegetable substances, — starch, sugar, and woody 
fibre, — and heating it in a test-tube, closed by a cork, with 
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a glass tube passing through it, and conducting tlie gas pro- 
duced Into a bottle of lime-water. The latter becomes milky, 
showing that carbonic acid has come from the test-lube. 

As the same product is obtained when the test-tube is 
first filled with nitrogen instead of air, we must conclude 
that both the carbon and the oxygen of the carbonic acid 
came from the vegetable matter. 

Hence, vegetable substances contain four elements, car- 
bon, hydrogen, oxygen, and nitrogen. They are com- 
posed chiefly of the three, carbon, hydrogen, and oxygen. 
Woody fibre, starch, and sugar contain only these three 
elements ; but we find in every part of plants small quan- 
tities of another class of compounds, containing the four 
elements just mentioned, and called nilrogenous or nilro- 
gmked compounds, from the fact that they contain nitrogen. 
They are also sometimes called quaternary compounds 
(that is, compounds made up oi four elements), to distin- 
guish them from the other, which are ternary compounds. 

The nitrogenized compounds are found most abundantly 
in the seeds of plants, such as peas, beans, grain, etc. 

It appears, then, that in rapid combustion the destruction 
of vegetable substances is most complete. All the carbon 
and the hydrogen are separated from the nitrogen, and 
converted into carbonic acid and water. 

In the case of decay, the destruction is less complete. 
All tlie carbon is separated from the nitrogen and con- 
verted into carbonic acid, and all the oxygen also is sep- 
arated from the nitrogen ; but a part of the hydrogen 
remains combined with the nitrogen as ammonia. 

In respiration, the destruction is even less complete, 
since portions of the carbon, hydrogen, and oxygen remain 
combined with nitrogen in the form of urea. 

151. Animal Substances also contain Carbon, Hydrogen, 
Nitrogen, and Oxygen. •— Animal substances are also found 
to contain the same four elements which exist in vegetables. 
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This is what we should expect, since all animals live either 
upon vegetables, or upon the flesh of other animals which 
have lived upon vegetables. 

Animal substances differ from vegetable, in being mostly 
quata-nary compounds. Nitrogen is one of the most abun- 
dant elements in animal compounds. 

CONDITION OF OXYGEN DURING DECAY AND 
RESPIRATION. 

(53. We have seen that the oxj'gen of the air at ordi- 
nary temperatures is wholly passive, and that during rapid 
combustion it is wholly active, and that it is roused to 
activity by means of heat. During decay and respiration 
the oxygen of the air is in an intermediate state, or one of 
fariial activity. 

153. Moisture is necessary to the Beginning of Decay. — 
How then is oxygen roused to this state of partial activity ? 
It is found that, when wood is kept perfectly dry, it may be 
preserved for any length of time without showing the least 
disposition to decay. Moisture is necessary to cause the 
decay to begin. The nitrogenized compounds, which ex- 
ist in small quantities in all parts of vegetables (150), are 
so unstable, that the mere presence of moisture is sufficient 
to cause them to break up into simpler compounds. The 
oxygen of die air takes no part in tliis process, but the 
molecnies of oxygen, in contact with the compounds, ap- 
pear to be rendered partially active by their breaking up. 
Being thus made active, they combine with the carbon and 
hydrogen of the ternary vegetable compounds, and the de- 
cay begins. Once begun it is self-sustaining, like ordinary 
combustion (131). The molecules of the oxygen about 
the decaying substance are rendered partially active by the 
process of decay. So, loo, in respiration, the oxygen 
seems to be roused to partial activity by the slow com- 
bustion taking place within the blood. 
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154. Ozme. — If one or two sticks of phosphorus, care- 
fully scraped clean, are put into a jar (which must be per- 
fectly free from grease) and partially covered with water, 
they are slowly oxidized. If the jar be loosely covered 
and allowed to stand for two or three hours, and the air 
inside be then examined, it will be found to have under- 
gone a remarkable change.* 

Dip a piece of unsized paper first into a thin solution of 
starch, and then into a solution of iodide of potassium. If 
this paper be exposed to the air for hours, its color will 
scarcely change at all ; but if it be moistened and intro- 
duced into the jar in which the phosphorus has been 
undergoing slow combustion, it instantly becomes of a deep 
blue color. 

If a piece of silver-foil be put into a jar of this air, it 
soon crumbles with rust, though silver is scarcely tarnished 
by long exposure to ordinary atmospheric oxygen. 

Hence, we see that the oxygen inside tire jar has been 
rendered partially active by the slow combustion of the 
phosphorus. Oxygen in this state is called oeons. 

There are several ways by which oxygen can be convert- 
ed into ozone, but the most common way is by slow com- 
bustion. It would seem that during all processes of decay 
oxygen is converted into ozone. In what way ozone differs 
from ordinary oxygen has not yet been well established. 

155. Alloiropic States. — There are several elements 
which can exist in states wholly unlike in appearance and 
in many of their properties. 

No three substances could be more unlike in appearance 
than diamond, graphite, and charcoal. Yet each of the 
three is nothing but carbon, as can be proved by burning 
each in oxygen gas,t when they all give rise to one and the 
same product, carbonic acid. 

So, too, when sulphur is heated, it first melts into a lini- 

* Sec Appendix, 26. t Sec Appendix, 27. 
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pid, light-colored liquid; then becomes dark an 1 tl 'ck 
and then light and limpid again. If now it be s d 1 Ij 
cooled, by pouring it in a iine stream into cold latei t 
becomes soft and plastic, like wax, while ordinary sulj 1 ur 
is hard and brittle. If left to itself, diis plast c s ilpl ir 
returns after a time to its ordinary hard and brittle sti e 

These different states of the same element are called 
allotropk states. 

The fact that the same element can exist in states so 
wholly unlike, is attracting a good deal of attention among 
scientific men. It seems to point to the conclusion that 
all the elements may after all be only allotropic states of a 
single element, or at most of a few elements. 

THE GROWTH OF PLANTS. 

156. The Constituents of the Air are Constant. — Not- 
withstanding that enormous quantities of oxygen are daily 
removed from the air in the processes of combustion, de- 
cay, and respiration, and that the oxygen is in each of 
these cases replaced by carbonic acid and watery vapor, 
the relative quantities of oxygen, carbonic acid, and watery 
vapor in the atmosphere are nearly constant The amount 
of each of these substances found in the air in different 
places, and at different times, varies but slightly. How is 
this to be explained ? 

157. Rain and Dew. — The amount of watery vapor 
which the air at any given temperature can hold is limited. 
\Vhen the air has taken up all the vapor it can hold, it is 
said to be saturated. As soon as the air has become satu- 
rated, the watery vapor begins to return to the liquid slate 
in die form of rain and dew. It is thus prevented from 
accumulating to any great extent in the atmosphere. 

158. Plants in growing remove Carbonic Acid from the Air, 
and replace it with Oxygen. — If a leafy plant be placed un- 
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dev a glass vessel and set in the sunshine, and a stream of 
carbonic acid be made to pass slowly over it, and the gas, 
as it escapes from the vessel, be collected and examined, it 
will be found that a part of the carbonic acid has been re- 
moved and replaced by oxygen. 

While, then, the destruction of plants, by the various 
processes of combustion, decay, and respiration, is remov- 
ing oxygen from the air and pouring carbonic acid into it, 
plants in growing are silently removing this carbonic acid 
from the air and replacing it with an equal bulk of oxygen ; 
and since plants grow as rapidly as they are destroyed, the 
relative quantities of oxygen and carbonic acid in tlie air 
remain unchanged. 

159. The Growth of Plants is a Chemical Process.— V!s 
have seen that growing plants are continualJy removing 
carbonic acid from the air, and giving out oxygen. We 
conclude, then, that plants derive their carbon from this 
carbonic acid. In the leaves of the plant, under the in- 
fluence of sunlight, the carbonic acid is decomposed, the 
carbon stored away in the plant, and the oxygen given 
back to the air. 

We have already noticed that the most abundant metals 
are very rare and costly substances in their free state, ow- 
ing to the difficulty of separating them from tlie oxygen or 
chlorine with which they are combined. And it is only 
by the aid of such rare metals as potassium and sodium, 
which have a very strong alRnity for oxygen, that we can 
separate carbon from its oxygen in carbonic acid. Hence, 
if we were obliged to obtain carbon by separating it from 
its combination with oxygen, this useful element would be 
as rare and as costly as potassium and sodium. And at 
best we can obtain carbon from carbonic acid only by re- 
moving the oxygen and loclting it up in combination with 
some element which has a stronger affinity for it. The 
chemist knows no way of separating the carbon, and letting 
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the oxygen go free. But this is conlinually done by tlie 
sunbeam in the delicate laboratory of the leaf. 

Plants thus obtain their carbon from the carbonic acid 
of the air. It is pretly well established, also, that they ob- 
tain their hydrogen, oxygen, and nitrogen from the two 
compounds water and ammonia, which, as we have seen, 
are products of their decay. The ammonia is washed out 
of the air by the rain, and, thus dissolved in water, is taken 
up by the roots of plants, and conveyed thence to the leaves. 
It is probable that plants obtain a part of their carbonic 
acid also through the roots, since this substance is soluble 

The growth of plants is thus seen to be a chemical pro- 
cess, just the opposite of that of their decay. The three 
compounds carbonic acid, water, and ammonia are decom- 
posed in the leaves of the plant ; a part of the oxygen is 
given back to the air ; and the remainder of the oxygen 
and the other elements are rearranged so as to form the 
various vegetable compounds which serve as food for man 
and other animals, and as fuel for our fires. 

160. Nitrogen in ikeAir.^~Th& oxygen maybe removed 
from the air by means of phosphorus, as we have seen, or 
by passing the air through a red-hot iron tube filled with 
copper turnings. At this high temperature the copper com- 
bines with the oxygen. If the air from which the oxygen 
has been removed be passed through lime-water, and then 
through a tube filled with fused chloride of calcium (59), 
the carbonic acid and the watery vapor will be taken from 
it. After doing this we still have about four fifths of the 
air left, and this large remainder we find to be pure nitro- 
gen. We have already seen (129) that about one fifth of 
the air is oxygen. It is evident, then, that there is but a 
small amount of watery vapor and carbonic acid in the air 
at any one time, though immense quantities of both are 
continually passing through it. 
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i6i. Why Nitrogen can exist in the Air in a Free State. — 
It is at first surprising to find a free element in the air 
along wiili oxygen, especially when we remember that the 
present materials of the earth are the result of a great 
conflagration, in which oxygen was the chief agent. But 
we remember that the leading characteristic of nitrogen is 
its inertness. It will neither burn itself, nor allow a body 
to bu n n it It is owing to this inertness that nitrogen 
ca ex t 1 the air in a free state. It is with the greatest 
d tficuUj that nitrogen can be made to combine directly 
V tl a ) element except boron. Its inertness also explains 
the fact tl at nitrogen is found to so small an extent in the 
con 1 ounds of the earth. It exists in the solid crust of the 
earth only in the nitrates of potassium and sodium, and 
these nitrates we find only in small quantities. Nitrate of 
sodium is found chiefly in Peru, and nitrate of potassium 
in India. These salts are of the greatest importance, since 
it is from them that nitric acid and the various nitrates are 
prepared.* 

The chief use of nitrogen is to moderate combustion. 
Were not the activity of oxygen tempered by the inactivity 
of nitrogen, it would be impossible to confine or control 
our fires. Our stoves would burn as readily as our coal 

162. Atmospheric Elements. — We find in the air four ele- 
ments, hydrogen, oxygen, nitrogen, and carbon; tlie oxy- 
gen and the nitrogen in a free state, and the hydrogen and 
carbon in combination. These elements are, therefore, 
called atmospheric elements. It will be noticed that they 
Stand at the head of the four groups of elements {79). 

Since these elements mainly make up all animal and 
vegetable substances (or all organic substances, as they are 
called), they are also known as organic elements. 
• See Appeiidis, 29. 
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SUMMARY. 

Ordinary combustion, decay, and respiration are chemi- 
cal processes, differing from one anollier mainly in the ra- 
pidity and the completeness with which they take place. 

The division of substances into combustibles and support- 
ers of combustion is convenient, though merely conventional, 
since combustion consists in the chemical union of two or 
more elements, and in reality one of the elements is just as 
combustible as another. (128,) 

The present materials of the earth, being mainly com- 
pounds of hydrogen and carbon with ox}'gen, and of the 
metals with oxygen, chlorine, and sulphur, must be regarded 
as products of combustion. (138.) 

The metallic oxides may be reduced by heating them in 
contact with carbon, which burns at the expense of the 
oxygen of the oxide, forming carbonic acid, and setting 
the metal free. (140.) 

The metals thus set free return to the state of oxides 
again by rusting, which is a process of slow combustion. 

(■4,.) 

The products of combustion, decay, and respiration are 
chiefly carbonic acid, water, and ammonia. (148.) 

The growth of plants is a chemical process, just the 
opposite of that of their decay. In growing, plants remove 
from the air carbonic acid, water, and ammonia. These 
compounds are broken up ; the oxygen i» part given back 
to the air; and the other elements, with the remaining 
oxygen, rearranged so as to form the various vegetable 
compounds. (158, 159,) 

Animals derive all their food, directly or indirectly, from 
plants ; while plants derive their food, directly or indi- 
rectly, from the air. (151, 159.) 
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Animal and vegetable (or organic) compounds contain 
the four elements carbon, hydrogen, nitrogen, and oxygen. 
Animal compounds differ from vegetable in being nearij' 
all quaternary, while vegetable compounds are chiefly ter- 
nary. (150, 151). 

The atmosphere contains oxygen, nitrogen, carbonic 
acid, and water. The four elements oxygen, nitrogen, 
carbon, and hydrogen are consequently called atmospheric 
elements. Since they mainly make up animal and vegetable 
substances, they are sometimes called organic elements. 
They head the four groups of elements. (162.) 

Oxygen exists in three conditions : (i.) wholly passive, 
(2.) partially active, and {3.) wholly active. Its partially 
active state is regarded as an allotropic state, and is called 
ozone. (152, 154.) 

Several elements are characterized by allotropic states. 
Those of carbon and sulphur are well marked. (155-) 

Hydrogen, at a high temperature, combines with oxygen 
with great energy, as is shown by the violent explosion of 
a mixture of the two gases, and by the intense heat of the 
oxy-hydrogen flame. (130.) 

Nittogcn IS remarkable for its inertness, to which it 
owes its existence in the atmosphere It is rarely found 
in combmation in nature In tl is ic^pect it is in striking 
contrast to oxjgen which is found in combination with 
most of the elements (160 161 ) 
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DESTRUCTIVE DISTILLATION AND ITS 
PRODUCTS. 

163. We have already seen how vegetable substances 
can be destroyed by the various kinds of combustion. 

When vegetable substances are heated in closed vessels, 
so as to exclude the oxygen of the air, they are broken up 
into a number of compounds, which vary with the tem- 
perature to which they have been exposed. In combustion 
these organic compounds are broken up by the affinity of 
oxygen brought to bear upon them from without ; while in 
the other case they are broken up by the internal action of 
heat. In the first case, new compounds are formed by the 
addition of new material ; in the second case, by sub- 
division without any addition of new material. The first 
process is called combustion ; the second, destructive dis- 
tillation. 

164. The Preparation of Charcoal. — One of the simplest 
cases of destructive distillation is to be seen in the prep- 
aration of charcoal. This process may be illustrated by 
putting pieces of dry wood into a test-tube, closed with a 
cork, through which a glass tube passes. Heat the test- 
tube, and the wood turns black. As has already been 
shown, carbonic acid will pass off (150). Hold a lighted 
taper to the tube, and the escaping gas takes fire. Hold a 
cold glass rod in the flame, and Jt becomes covered with 
soot, showing the presence of carbon in the flame. Hold 
a cold glass vessel over the flame, and moisture collects 
upon it, showing that water is a product of the burning of 
this gas. Besides the carbonic acid, then, an inflammable 
gas issued from the tube ; and this gas must be a compound 
of hydrogen and carbon, since carbon Is found in the 
flame, and water is one of the products of the burning gas. 
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A part of the carbon, then, combines with oxygen to form 
carbonic acid; another part with hydrogen, toform the 
inflammable gas ; while the greater part remains behind as 
a black solid. This black residue is charcoal, a form of 
carbon. If the heating is continued, and the gaseous prod- 
ucts are conducted into a cold receiver, a liquid product 
is also obtained. 

One way of preparing charcoal is to place billets of 
wood in- an iron cylinder, which is closed air-tight and 
heated to dull redness. The volatile products are driven 
off and allowed to escape through a flue, and the solid 
charcoal remains behind. 

A ruder method is practised in the country, where wood 
is plenty. A stake is set in level ground, and brushwood 
heaped around its base. Wood is then stacked round the 
stake, so as to form a mound some zo or 30 feet in diame- 
ter. This mound is then covered, first with leaves or turf, 
and then with earth, leaving only a small opening at the 
bottom, through which the mound is set on fire. When the 
fire is well under way, the mound is covered more deeply 
and alloived to burn slowly out. This requires about a 
month. The burning of a part of the wood furnishes heat 
for charring the rest. 

165. The Froducts of the Distaiatim of Wood. — \N\\s.-a. 
hard wood, as beech, is subjected to destructive distillation 
va a retort, and the volatile products are condensed in a 
suitable vessel, four principal classes of substances are 
formed {i ) gases ; (3.) a watery fluid ; (3.) a dark resin- 
ous fluid , (4.) charcoal. 

(r ) This product is a mixture of inflammable gases, the 
most important of which are the two hydrocarbons {or com- 
pounds of hydrogen and carbon) marsh-gas, H^C, and ok- 
fiantgas, H^^. 

(z.) This product is an acrid liquid, known ^s, pyroHgneous 
acid, or wood vinegar. From this acetic acid is obtained. 
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which is used in large quantities in the preparation of the 
acetates of iron, lead, and soda, which are much enaployed 
in dyeing and calico-printing. 

(3.) This product is luood tar, a thick liquid, insoluble In 
water, but soluble in alcohol. lis chief use formerly was 
for tarring and calking ships, but recently it has become 
an important source of both illuminating and lubricating 
oils. These oils will be more fully treated hereafter. 

(4. ) This product is the charcoal remaining in the retort. 
It is used chiefly as fuel and in reducing metallic ores. 

166. Ingredients of Wood Tar. — When beech-wood tar 
is dislilled, a light oil passes over first, called eupion, or 
■wood naphtha. It is now often sold under the name of 
benzole, and used as a burning-lluid, for removing oil-stains 
from clothes, and for countless other purposes. It burns 
with a brilliant white flame, free from smoke ; but its ex- 
treme inflammability makes it a dangerous liquid for lamps. 

After this light oil has distilled over, a heavy oil follows. 
It contains various ingredients, the chief of which are creo- 
sote mid parq^ne. 

167. Creosote. —This is an oily, colorless liquid, with a 
peculiar smoky odor. It has remarkable antiseptic (or pre- 
servative) properties. A piece of flesh steeped in a very 
dilute solution of it dries up into a mummy-like sub- 
stance, which refuses to decay. Meat, as tongues or hams, 
may be almost instantly cured by dipping it into a solution 
containing one part of creosote to loo parts of water or 
brine. It is this substance which imparts to wood-smoke 
its property of preserving meat. It is a compound of car- 
bon, hydrogen, and oxygen, 

168. Faraffine. — This is a pearly-white, tasteless, and 
odorless solid. The most corrosive acids and alkalies have 
no eff'ect upon it. Hence its name, ixoia parum, little, and 
affinis, from which affinity is derived. 

It burns with a bright white flame, without smoke. It is 
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now much employed as a material for candles, which for 
purity and lustre are not surpassed by even the best and 
most costly wax-candles. 

Unsiaed paper, after having been soaked in paraffine, 
may be kept for weeks in concentrated sulphuric acid with- 
out undergoing the slightest alteration. Hence it is an ex- 
cellent coating for the labels of bottles in which acids are 

169. Asphalt. — Asphalt, or pitch, is the residue left after 
distilling tar. It is used for varnishes, and as a material 
for making lamp-black. 

170. Products of the Decay of Vegttabk Substances tuhen 
Air is excluded. — When vegetable substances ire con 
sumed by the slower process of decay, with a partial or 
complete exclusion of air, the products are somewhat dif- 
ferent from those of ordinary decay. The gas obfnned by 
stirring the mud in marshes and at the bottom of stagnant 
pools {72) is formed in this way, and is made up chieflj of 
marsh gas, HjC, and carbonic acid, ■£©■ 

171. Th^ /■brmatuin tfMmeral Coal -^In tropical svizmps 
where vegetation is rank, vast masses of vegetable matter 
accumulate, and gradually decay under water. In some 
cases the land at the bottom of these swamps is slowly 
sinking, and the bed of peat, as it sinks with it, becomes 
covered with mud and sand, which numerous streams are 
washing down upon it. This goes on, year after year and 
century after century, until the bed is buried hundreds of 
feet beneath the surface. The vegetable matter thus sunk 
in the earth, and subjected to enormous pressure, gradually 
undergoes a process of internal combustion similar to that 
which takes place under water. In many cases the decom- 
position is hastened by the agency of the internal heat of 
the earth. It is probable that the vast beds of coal found 
in various parts of the earth have been thus formed. All 
this coal is the remains of an ancient vegetation, and it 
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undoubtedly required millions upon millions of years to 
complete its conversion into coal. 

17a, HardandSqft Cdk/j, — The mineral coals may be 
conveniently divided into hard, or anthracite, and soft, or 
bituminous coal, and there are several varieties of each. 

The main differences between the two are these : hard 
coal is almost pure carbon, while soft coal contains also 
considerable hydrogen and some oxygen ; hard coal still 
retains the cellular structure of the wood, which is clearly 
seen under the microscope, while in soft coal this cellular 
structure is almost entirely wanting ; hard coal burns with- 
out flame, soft coal with flame. 

It is found by experiment tliat, if vegetable matter be en- 
closed in an apparatus made of wet clay, and subjected for 
a long time to great pressure and to a high temperature, a 
variety of coal will be formed closely resembling hard coal. 
In this case the gases which are formed escape tlirough the 
porous clay. If strong iron cylinders are used instead of 
clay, a variety of coal resembling soft coal is formed. In 
this case the gases have no means of escape. In the first 
case the coal retains the cellular structure of the wood ; 
while in the second case this cellular structure is entirely 
destroyed, and the carbon appears to have been dissolved 
in the liquid and gaseous products formed at the same time. 

It is probable that, in the slow decomposition of the vege- 
table matter buried in the earth and subjected to great 
pressure, both these conditions have existed. In some 
cases the gaseous products were free to escape as they were 
formed, and hard coal is the result; in other cases the 
gases could not escape, and bituminous coal, or sofl coal, is 
the result. This bituminous coal seems once to have been 
in a liquid state, and afterwards to have hardened. If, 
when in the liquid state, it was surrounded by porous strata, 
it was absorbed by these and afterwards hardened. This 
seems to have been the origin of the bituminous shales and 
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slate wh' 1 o cor 'i 'mmense beds in various pirf- of tl-e 
earth. Tl e e e loose cl j } ock p e^, a t; i h 

bitumii ou ma e 

JT^. F odu fi D i lat on of B lum o s C al ~ 
Tlie prod c s obta ed b) he destruct e d t Ikt o of 
coal are s 11 mo e numerous than tl ose obta ed fro i 
wood. 1^ 00 I CO ta n ng m ch ox gen and compa a e y 
little 11 trogen fu n si es compounda 1 ch con a much 
acetic ac d and 1 le amn on a a d wl ch tl e efo e h e 
an iirti/ react o Coal on the oti er 1 a d con a ns m ch 
iiitroge a d 1 tie o jj,en a d t, es prod c s ch a 
monia, and 1 a ^ conseque 1) a alia <? re c on 

When coal s d s lied at I ^ te pen res an ab n 
dance of a flan mable gas s obta ed a 1 also a 1 rge 
amount of 1 qu i [ oduct h cl a e tl e c lie 1 ? 

When coal is distilled at a low temperature, but little gas 
is obtained, and the liquid products are then called oils. 

174. The Composition of Coal-Tar. — Coal-tar has been 
found to contain three classes of substances : — ■ 

(i.) Acid oils, soluble in alkalies. 

(2,) Alkaline oils, soluble in acids. 

(3.) Neutral oils, not affected by alkalies and some acids. 

(i.) The most important and abundant ingredient of the 
acid oils is carbolic acid, -CtiHu^. It is analogous to creo- 
sote, and is sometimes called ix>al creosote. It is now large- 
ly employed as a permanent dye-stuff for silk and woollen 
goods. This dye-stuff is prepared by heating carbolic acid 
moderately with nitric acid. This mixture is called picric 
acid. On evaporating this liquid, yellow scaly crystals are 
obtained. Like all the tar colors, its dyeing qualities, when 
in solution, are most intense. Silk and woollen goods put 
into the solution, even when coid, assume a rich yellow 
color, far surpassing that obtained from other dyes. 

(2.) The alkaline oils constitute but a small fraction of 
the tar. Their most important ingredients are ammonia and 
aniline. 



3d b, Google 



CHEMICAL AFFINITV. I29 

Aniline is an. oily substance which, when acted upon by 
compounds which readily part with oxygen, furnishes a com- 
plete series of the most brilliant dyes. The preparation of 
these rich dyes from aniline is one of the most interesting 
discoveries of modern times, and has caused almost a revo- 
lution in the arts of dyeing and calico-printing. It is still 
more surprising when we consider that these brilliant colors 
are obtained from what was until recently a disagreeable 
waste product of the gas-works. When first prepared, they 
were worth their weight in gold ; now, they can be bought 
at a comparatively moderate price. 

Their dyeing qualities are so intense that a little material 
goes a great way ; so that, notwithstanding their high price, 
they are more economical than any ordinaiy dye-stuffs. 

(3.) The neutral oils are the coal-oils proper. They con- 
tain a great variety of compounds, both liquid and solid, 
the latter being held in solution. Of the liquids, benzole, 
toluole, and cumole are the most important ; and of the sol- 
ids, paraffi.ne and naphthaline. 

175. Benzole and Nitro-henzok. — Benzole, which has 
been already mentioned (r66), is a very important com- 
pound, as it is the material from which aniline is usually 
prepared. The symbol for benzole is -GdHe. When mixed 
with concentrated nitric acid, it is converted into niiro- 
benzole, ^^^^^ 

Nitro-benzole is the artificial oil of bitter almonds, and is 
much used in the art of perfumery. Its most important 
use, however, is in the preparation of aniline. When 
heated with acetic acid {CjHjOa) and iron filings, it loses 
two atoms of oxygen and takes up two of hydrogen, and is 
converted into aniline. 

CcH,NO, — e, + H, ^ CbH.N (aniline). 
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176. Toluole and Cumole. — Toluole, CHs, and cuinole, 
CftHis, are the chief ingredients of the well-known illumi- 
nating or lamp oils obtained from coal, 

177. Naphthaline. — Naplithaline is a beautiful, pearly- 
white solid. It is inflammable, but burns with a smoky 
flame and a disagreeable odor. Brilliant red and blue 
colors, rivalling those prepared from aniline, have lately 
been obtained from this solid. 

When vegetable ma'tter is distilled at a high temperature, 
benzole and naphthaline are formed in great abundance, 
with but small quaitities of toluole, cumole, and parafEine. 
When, on the oU er hand the distillation is conducted at a 
low temperature tol lole cumole, and paraffine are formed 
in large quantities, witli but little benzole and paraffine. 

CO\L 

S e b n e 1 ent century, the means 

of J, ^ o d e ^ CO ed in the main, of poor 
a o -ca d an 1 d and d t) o -lamps. On the con- 
n of Eu ope wha e o ! and o ler animal oils were 
cos J and h e onsequen ly eso t was had to natural 
ta b m no la e o de to obtain illuminating 

o To o e an h en y ye s past, lamp-oils have 

be n e n p ep d o o id, rosin, and bitumi- 

In C L n and n co y the manufacture of 

coal-oils IS of much more recent growth, because the exten- 
sive whale-fisheries supplied all the wants of the market 

The manufacture of coal-oil was introduced into this 
country in 1S53, and was at first confined to those districts 
where bituminous coal could be mined at a cheap rate. 

Soon after this manufacture was established in this coun- 
try, and afi:er the value of coal-oi'.s came to be fLtlly recog- 
nized, attention was drawn to petroleum, or rock-oii, as a 
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ready means of supplying these oils cheaply. On exam- 
iiiatioTi this oi! was found to be analogous, in its composi- 
tion and its properties, to that obtained from bituminous 
materials. 

179. The Origin of Pitrokum. — We have seen (172) 
that, in the original decomposition of tlie vegetable matter 
of former ages, portions of it were probably reduced to a 
liquid state, and afterwards hardened into bituminous coal. 
When in this liquid state, it must have closely resembled 
p 1 m W 1 1 th t t 1 11 
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but OT(]inaTi]y in cavilies of rocts higher up, it seems prob- 
able that it is mainly the product of distillation. 

The chemical conditions essential to the generation of 
oil have evidently existed over a very wide area ; but the 
oil is found only where fissures exist in the rocks. These 
fissures serve two purposes : one, to give space for the 
formation and expansion of ihe hydrocarbon vapor ; the 
other, to furnish receptacles for the condensed oils. These 
fissures must connect with the sources of the oil. If they 
have any oudets at the surface of the earth, by which the 
more volatile portions of the oil may escape as gas, the oil 
within them becomes thicker and heavier. Hence, as a 
general rule, the oil found near the surface is heavy, the 
cavities containing it being likely to have outlets. It may, 
of course, happen that a deeply-seated fissure has such an 
outlet 

180. How Petroleum is obtained. — The oil is obtained 
by piercing one of these cavities by a well. It often hap- 
pens that the upper part of the cavity is filled with pent-up 
uncondensible gases. In this case, if the well happens 
to pierce the lower part of the cavity, the expansive force 
of the confined gases will drive the oil from the well in a 
continuous stream. Oil is often forced from a new well 
with such velocity, that it rises in a jet a hundred feet high. 

It sometimes happens that the lower part of the cavity 
is filled with brine, upon which the oil floats. If, in this 
case, the well pierces the lower part of the cavity, brine is 
the first product. After a time the salt-well may change to 
an oil-well. 

COAL - GAS. 

i8r. T/ie History of Gas-Ughiing. — The idea of turn- 
ing hydrocarbon gases to the practical purposes of illumi- 
nation occurred at about the same time to Murdock, in 
England, and Lebon, in France. 
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As early as i6gi, Dr. Clayton discovered that an inflam- 
mable gas could be obtained from the destructive distil- 
lation of coal ; but no one thought seriously of using the 
gas for illumination till about 1790, when Mr, William 
Murdock, afterwards connected with Messrs. Bolton and 
Watt's engineering workshops at Solio, turned his atten- 
tion to this subject 

In 1792, Mr. Murdock lighted his own house and office 
with gas which he distilled from coal. In 1802 he made a 
public exhibition of gas-lighting at the Soho foundry ; and 
Mr. Matthews, an eyewitness, says : " The illumination of 
the Soho works on this occasion was of the most extraor- 
dinary splendor ; the whole of the front of that extensive 
building was ornamented with a great variety of devices, 
that admirably displayed many of the various forms of 
which gas-light is susceptible. This luminous spectacle 
was as novel as astonishing, and Birmingham poured forth 
its numerous population to gaze at and admire the won- 
derful display of the combined effects of science and art." 
The subject now gained the attention of other eminent 
scientific and practical men. But for several years only 
private gas-works were erected, for cotton-mills and similar 
establishments. 

In 1808, Mr. Clegg, an able mechanic, to whose ingenu- 
ity are due many of the main features of the present sys- 
tem of gas-lighting, first introduced the method of purify- 
ing the gas by passing it through milk of lime. 

In 1804, Mr. Winsor endeavored to form an incorporated 
company for the full development of gas-lighting, so that 
the streets, shops, and private dwellings should enjoy its 
advantages. " But gas-lighting, like every other great in- 
novation, was looked upon by the public with excessive 
distrust. In the event of its success, several branches of 
industry and commerce were doomed to suffer ; many in- 
terests were supposed to be at stake ; some of the chemical 
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properties of the gas were unknown ; great doubts existed 
as to its safety, and fears as to its salubrity ; indeed, the 
danger of explosion was magnified to the extent that it was 
asserted, and belieyed, that a town could be destroyed by 
the explosion of the main pipes in the street ; and interest- 
ed parties, in order to prevent the establishment of gas- 
lighting, did not scruple to appeal to the naval glory of the 
nation, and this shortly after Nelson had I d h t 

victories. ' If,' said the opponents of tl 1 ht, 1 

becomes successful, then our naval sup > g f 

at present we obtain our artificial light p p hy t tl 
whale fisheries ; these are the iiurserie t b 1 

ors ; so, if we destroy the one, the oihe t b ft t d 

if the fisheries no longer exist, our navj m t 1 t 

At length, after having struggled, during f j gl 

handed, and as it were against the opinion of the world, — 
having by his letters, pamphlets, and lectures proved the 
advantages of gas, — Mr. Winsor succeeded, in 1807, in 
obtaining a capital of ^^20,000, by means of subscribers, 
preliminary to the formation of a company." 

Mr. Winsor and his subscribers could not obtain a charter 
of incorporation till 1812. Even then the enterprise was 
looked upon as so visionary, that the act of incorporation 
was said to be granted in order to make a great experiment 
of a plan of such extraordinary novelty. In December, 
1813, Westminster Bridge was first lighted with gas. From 
this time gas-lighting made the most rapid progress in 
England ; and now the consumption of gas in London 
alone amounts to more than seven billions of cubic feet 
annually. To make this gas, eight hundred thousand tons 
of coal are required ; while the length of the main pipes in 
the streets of the city is more than two thousand miles. 

Paris was first lighted with gas in 1820. There, as in 
England, strong prejudices had to be overcome. 

182, Mamifiuture of Coal-Gas. — The most essential 
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retorts, seen at the left of the figure. When charged with 
coal, these retorts are closed air-tight. They are then 
heated to a very high temperature by the furnaces be- 
neath. 

The gaseous and volatile compounds formed by the dia- 
tillalion of the coal pass up through pipes (one of which 
may be seen leading from each retort) into a long horizon- 
tal pipe, called the hydraulic fnain. This is half full of 
water ; and it will be noticed that the pipes leading from 
the retorts dip beneath the surface of this water. The gas 
readily passes from the pipes by bubbling up through the 
water ; but, when it has once passed into the main, it can- 
not pass back again through the water. 

The gas passes on from the hydraulic main, through the 
pipe leading towards the right, into a tank, called the far 
cistern. By this time the more condensible gases have 
returned to the liquid state, and collect in the smaller ves- 
sel into which the pipe passes, and from which they over- 
flow into the larger tank. From the latter they are drawn 
off at intervals. These condensed products are coal-tar 
and a lighter liquid highly charged with ammonia, and 
called ammoniacal liquor. 

The uncondensed gases pass on through the series of 
upright pipes shown in the figure. Here they become still 
further cooled, and all the remaining condensible gases are 
reduced to the liquid state. This system of pipes is called 
the condenser. 

After leaving the condenser, the gas still contains, be- 
sides the compounds fit for illuminating purposes, the nox- 
ious compounds carbonic acid and sulphide of hydrogen, 
or hydro sulphuric acid (88). These are removed in the 
next part of the apparatus, called iki^- purifier. It consists 
of a chamber with several perforated shelves, which are 
covered with slaked lime. In passing over this lime, the 
carbonic and hydrosulpliuric acids are absorbed, while the 
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purified gas passes along into tlie gasometer, or g<as-liolder, 
seen at tiie extreme right of the figure. 

This gasometer consists of a large sheet-iron bell-jar, 
which dips into a cistern of water. The latter is deep 
onough to allow the bell to be completely submerged, and 
filled with water. The bell is counterpoised with weights, 
and rises as the gas passes into it 

From the gasometer the gas passes out, through the 
pipe shown in tiie figure, into the streets and houses of the 
city. 

The gas received iuto each house is made to pass 
through a self-acting instrument, called a gas-meter, by 
which it is measured. One of the most common forms of 
the instrument (see Figure 43) con- yi^. 43. 

sists of an outer case, a a, filled 
with water up to the horizontal 
dotted line, and, within it, a 
volving drum, divided into four ( 
compartments, c, d, e,f, by as ma 
bent partitions. The bending of 
the partitions forms acentral space, 
g, and thus the gas can pass from 
one division into the next. The gas 
enters at the back of the outer case by a pipe which passes 
into the central space, where it rises a little above the sur- 
face of the water. As one compartment gets filled with 
gas, it becomes lighter and rises, thereby causing the drum 
to perform a fourth of a revolution. In the figure, the 
gas is passing into the division t. As this fills and rises, 
d comes into the same position ; the.n e ; and thenj^ which 
being filled, and rising, completes one revolution. It will 
be seen that, as each compartment rises above the level of 
the water, the gas contained in it can pass out through a 
slit in the rim of the drum into the outer case, and from 
the top of llie case a pipe conveys it to the burners. 
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Thus, while one compartment is losing its gas, another one 
is filling, and so on. The revolution of the drum gives 
motion to a train of wheels, which in turn move the hands 
on dial-plates, and thus register the number of cubic feet 
of gas that have passed ihrougli the meter. 

ILLUMINATION. 

183. Nalure of Flame. — It has already been noticed 
that coal-gas burns with flame, while the solid carbon 
burns without flame. All combustible gases burn with 
flame. 

Many solids, as wood, wax, and tallow, appear to burn 
with flame. 

We have seen that wood, when heated in a closed tube, 
gives off an inflammable gas. If either wax or tallow be 
heated in the same way, an inflammable gas is given off. 
Thus it has been found to be true, that every solid which 
appears to burn with flame can be converted into an in- 
flammable gas by means of heat. When these solids begin 
to burn, the heat developed is sufficient to generate this 
inflammable gas. It is this gas, and not the solid, which 
burns with flame. 

Flame, then, is gas burning. 

184. The Light of the Flame. — In the oxy-hydrogen 
flame {130) there is but little light, though an intense heat. 
To what is the light of the ordiriary lamp or gas flame 
due? 

185. A Solid and Heat are necessary to Illumination. — 
We have already seen that the oxy-hydrogen flame de- 
velops intense heat, but scarcely any light If, however,, 
a cylinder of lime is held in this flame, the light becomes 
most intense. The light obtained in this way is known as 
the caldicm light, or the Bnimmond light ; and when its 
rays have been gathered and reflected by a mirror, it has 
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been seer at a distance of a hundred miles in broad day- 
light. 

We see, then, that a solid and an intense heat are neces- 
sary to illumination. 

186. These two Condilions are fulfilled in the Burning of 
Coal-Gas. — Illuminating- gas, as we have seen {125), is a 
compound of carbon and hydrogen. We also found, by 
means of the cold glass rod, that there is free carbon in 
the flame. We therefore conclude that the hydrogen of 
the gas combines with the atmospheric oxygen first In 
doing so, it develops great heat. 

It has been observed that, in the manufacture of char- 
coal, the delicate cells of the wood are preserved intact; 
showing that the carbon, at the high temperature to which 
it is exposed in the process, has no disposition to melt. 
Carbon is equally infusible in the highest temperature that 
we can produce. Its fixedness in the solid state is its 
most marked characteristic. 

When the hydrogen of coal-gas combines with the oxygen 
of the air, the carbon is set free in a solid state. As tlie 
hydrogen consumes all the oxygen in the nearest layer of 
air, the carbon must delay a moment in the flame before it 
can get at oxygen to unite with. This finely-divided solid 
thus becomes heated white-hot, and gives out light. This 
condition lasts but an instant. The next instant the car- 
bon combines with atmospheric oxygen, and passes off as 
a colorless gas. As fast, however, as the carbon is con- 
sumed, a fresh supply is set free, and thus the light is con- 
stantly kept up. 

The value, then, of coal-gas for illumination depends 
upon a most delicate adjustment of affinities. 

Were the affinity of carbon for oxygen a little stronger 
than it now is, the carbon would burn at the same time 
with the hydrogen, and there would be no light in the 
flame. On the other hand, were the afiinity of carbon for 
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oxygen less than it is, the carbon would not burn at all, but 
after developing light would pass away from liie flame in 
the form of soot. 

187. Bunseris Lamp. — The fact that carbon must remain 
an instant in the flame in the solid state to develop hnht is 
illustrated by B b II F -ni 




first case, tl m d h 1 I 

gas, so that h 1 b h I b 

soon as it is set free, before it becomes sufficiently heated 
to develop light. In the second case, the carbon cannot 
get at the oxygen to combine with it, until it has passed 
through the burning layer of hydrogen, and thus become 
intensely heated, 

188. The Best Shape for a Gas-Flame. — From what 
has already been said, it is evident that the light of the 
flame is developed only at the surface, in the burning layer 
of hydrogen. The ordinary gas-burner is so made that the 
flame will be flat, in order that it may have as much sur- 
face as possible. The greater the surface, the greater the 
light developed. 

189. The Argand Burner. — A sheet of paper will evi- 
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dently present to the air just as much surface when it is 
bent round till the two edges meet, as when it is flat ; while 
in the second case it is in a more compact form. So the 
ordinary gas-flame will present just as much surface, if its 
edges are bent round till they meet. In the Argand burner, 
this cylindrical form is given to the flame, by supplying tlie 
gas through a circle of small holes in a hollow brass ring. 
A current of air passes up through this ring, furnishing 
oxygen to the inner surface of the flame. 

190. Tlie Bude Light. — If the interior of the ring of 
an Argand burner be closed, the flame becomes of a dull 
red color. Since no oxygen is supplied to the inner sur- 
face of the flame, the combustion is imperfect, and de- 
velops but a low degree of heat. 

If, on the other hand, a stream of pure oxygen is sup- 
plied to the interior of the cylindrical flame, the flame 
diminishes in sijc, but the light becomes very intense, and 
of a pure white color. The increased supply of oxygen 
increases the energy of the combustion of the hydrogen, 
and the intensity of the heat developed by it. In the first 
case the carbon is heated only to a dull redness, while in 
the second case it is raised to a full white heat. 

191. A Burning Candle is a miniature Gas-Faeiory. — 
We have already seen that wax or tallow, when heated in a 
flask, is converted into an inflammable gas. This gas in 
burning produces water and carbonic acid ; hence it must 
contain hydrogen and carbon, which are the main ingre- 
dients of coal-gas. This gas is in fact identical with coal- 
gas. Tlie heat of the burning match converts some of tlie 
wax of the candle into inflammable gas. This gas takes 
fire, and in burning develops sufficient heat to convert 
more of the wax into gas, which is consumed as fast as 
formed. 

192. The Flame of a Candle consists of three distinct Parts. 
— In the flame of a candle there are three distinct parts : 
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(i.) the dark central zone, or supply of unburnt gas sur- 
rounding the wick ; (z.) the luminous 
zone, or area of incomplete combus- 
tion ; anci (3.) the non-luminous zone, 
or area of complete combustion. If 
we put one end of a small glass tube 
(see Figure 45) into the dark central 
zone, the unburn! gas will pass up the 
tube, and may be ignited at the other 
end In the luminous part of the flame, 
as we have seen in the case of the gas- 
flame (186), the gas is not completely 
burnt, and carbon is separated in the 
solid state ; and it is this carbon heated 
white hot which renders the flame luminous. In the outer 
zone the supply of otjgen is greater, all the carbon is at 
once burnt to carbonic acid, and the flame here becomes 
non lummous 

193 The Bki/Jpipe Flame consists of two Paris. — A 
blowpipe IS an instrument for sending a jet of air or oxygen 
mto a fl^me, in order to make its heat more intense. In 
this way a common flame is converted into a kind of fur- 
nace, capible of fusing or raising to a high temperature 
any simll body exposed to its action. The blowpipe, in 
one form or another, is \ery extensively used in chemistry 
and the arts. 

The common mouth-blowpipe is merely a bent brass 
tube, tapering to a very fine jet. 

The blowpipe flame consists of two distinct parts (see 
Figure 46) : (1.) the oxidizing flame, a, 
where there is excess of oxygen ; and 
(3.) the reducing flame, d, where there is 
excess of carbon. These correspond 
to the outer and middle zones of the 
candle-flame. 
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If the end of a copper wire be introduced into the ox- 
idizing part of the flame, it at once combines with the 
heated osygen, and becomes coated with oxide. If now it 
be put into the reducing flame, fhe heated carbon at once 
Jakes the oxygen away, and reduces it to the metallic state 
•',140). 



SUMMARY OF DESTRUCTIVE DISTILLATION 
AND OF ILLUMINATION. 

Vegetable compounds may be broken up by means of 
Tieat into a great number of substances, wliich vary with 
the temperature to which the compounds are exposed. 

This process is called destructive distillation. (163.) 

The preparation of charcoal is one of the simplest cases 
of destructive distillation. In this case the wood is de- 
composed into carbon and a number of volatile com- 
pounds. (164.) 

When these volatile products are cooled and condensed, 
they give rise to three classes of compounds : (i.) perma- 
nent gases ; (2.) a watery fluid ; {3.) a dark resinous fluid. 

(1.) The permanent gases are chiefly two hydrocarbons, 
or compounds of carbon and hydrogen, called marsh-gas, 
H^€, and defiant gas, Hj€. 

(2.) The chief ingredient of the watery fluid is pyroUg- 
neous add, or wood vinegar, a compound of carbon, hydro' 
gen, and oxygen, from which acetic acid is prepared. 

(3.) The dark liquid is iwf0i//'«r, which contains a variety 
of substances, mostly compounds of carbon and hydrogen. 

The most important of these ingredients of wood tar are 
wood naphtha, creosote, paraffine, and asphalt. (165-160.) 

Mineral coal has probably been formed by the gradual 
decomposition of vegetable substances buried in the earth- 
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and thus excluded from Lhe air. It is probable that this 
de corn posit ion has, in many cases, been hastened by the 
internal heat of the earth. (171-) 

When the volatile products were allowed to escape freely, 
anthracite coal was formed- When these products could 
not escape at the time of their formation, cannel and other 
varieties of bituminous coal were formed. (172.) 

The volatile products often escaped into large cavities in 
the rocks, and on condensing gave rise to the celebrated 
rock-oil, or petroleum. 

In some cases this oil may have been formed by the 
gradual decomposition of the vegetable substances at a 
temperature too low for its conversion into vapor, and may 
afterwards have been distilled by the internal heat of the 
earth. (179.) 

The products of the destructive distillation of bitumi- 
nous coal are even more numerous than those of the dis- 
tillation of wood. These products are not so rich in 
compounds containing oxygen, such as acetic add and 
creosote ; but they are richer in compounds containing 
nitrogen, such as ammonia and aniline. 

When the coal is distilled at 2 high temperature, a large 
amount of gas is obtained, and the liquid products are then 
called tars. When the coai is distilled at a low tempera- 
ture, only a small amount of gas is obtained, and the liquid 
products are called oils. {173-) 

When the gas obtained by the distillation of coal is puri- 
fied, it forms the weil-known illuminating-gas. (182.) 

The most important ingredients of coal tar are carbolic 
aciJ, ammonia, aniline, benzole, tolmle, cumole, paraffine, and 
naphthaline (174-177.) 

The celebrated aniline colors are prepared chiefly from 
benzole. (174, 175.) 

When the coal is distilled at a high temperature, benzole 
and naphthaline are formed in much greater qu and ties than 
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when it is distilled at a low temperature ; while in the lat- 
ter case toluole, cumole, and paraffine are more abundattt 
products than in the former. (177.) 

Solids burn without flame. Only gases bum with flame. 

Solids that appear to burn with flame are first converted 
into a gas by heat, and this gas burns with flame. {i§3-) 

The two conditions essential to illumination are the pres- 
ence of a solid and intense heat. (185.) 

The illuminating gases are all hydrocarbons, or com- 
pounds of hydrogen and carbon. 

The hydrogen has the stronger afiinity for oxygen, and 
burns first. The carbon is set free in a solid state, and, 
delaying for an instant in the intense heat of the flame, 
becomes luminous. It then combines with oxygen, form- 
ing an invisible gas, carbonic acid. (r86.) 

The light of the flame is increased by increasing tlie 
surface of the flame. Hence the ordinary gas flame is 
made flat, or, as in the case of the Argand burner, cylin- 
drical. (188, i8g.) 

The light is also increased by increasing the intensity of 
the combustion of the hydrogen, as in the Bude light. (190.) 

The heat of the flame is increased by mixing oxygen 
with the gas before it burns, so that the carbon and hydro- 
gen may bum together, as in the Bunsen burner and in 
the blowpipe flame. (189, 193.) 

The burning candle or oil lamp is a miniature gas-fac- 
tory. (191.) 

The candle flame consists of three parts ; (i.) an inner 
zone of unburnt gases, surrounded by (2.) a luminous zone 
of incomplete combustion, outside of which is (3.) a non- 
luminous zone of complete combustion. (192.) 

The blowpipe flame consists of two parts : (i.) the 
outer, or oxidising flame, and (2.) the inner, or reducing 
flame. (193.) 
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THE ALKALIES AND THEIR MANUFACTURK 

194. The Alkalies. — The substances commonly known 
as the alkalies are potash, soda, and ammonia. They have 
been known from time immemorial. Potash and soda are 
solids, and were therefore called by the alchemists xhs. fixed 
alkalies. Ammonia is a gas, and was therefore called the 
■volatile alkali. Of all the bases, these three substances are 
endowed with the most powerful affinities ; hence their im- 
portance in chemistry and the arts. Their salts are all 
soluble. 

195. Soap. — If a weak solution of soda is boiled with 
beef-tallow for half an hour, and then a strong solution of 
soda is gradually added while the boihng continues, the 
mixture becomes by degrees of a uniform gluey consist- 
ency. If now some common salt be added, there is ob- 
tained a solid mass floating on a watery liquid, which 
holds the salt and some soda in solution. 

The solid mass is common hard soap, which is insoluble 
in water in which salt is dissolved. 

If this experiment is repeated, using palm or olive oil 
instead of tallow, hard soap is also obtained. 

If, in any of these cases, potash is used instead of 
soda, so£^ soap is formed. 

196. Glycerine. — The liquid obtained in the preparation 
of hard soap contains in solution not only salt and soda, 
but also a substance called glycerine. This substance may 
be prepared in a state of purity, by treating oil with oxide 
of lead instead of potash or soda. In this case, an in- 
soluble lead soap is formed, while the glycerine remains 
liquid. 

197. Soaps, Oils, and Fats are Salts. — Dissolve some 
soda soap in water, and to the solution add acetic acid 
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drop by drop, till it becomes turbid. A solid is formed, 
which is lighter than water, and at the same time insoluble 
in it, since it floats on the surface. This solid resembles 
tallow in appearance, but it has an acid reaction. The 
acetic acid sets this acid free from the soap, and itself 
combines with the soda. Soaps are thus seen to be made 
up of an acid and a base, and are true salts. Oils and 
fats are also salts. The base in all the oils and fats is 
glycerine. In tallow there are two acids, stearic and oleic. 
In oils there are acids analogous to these. The acid in 
palm-oil is called palmic add. 

The hard soaps, then, are dearaies, okates, fahnaics, 
etc. oi sodium ; and the soft soaps are the corresponding 
salts ai potassium. 

S-osin is also largely used in the manufacture of hard 
soap. It acts as an acid, and helps to saturate the soda. 

Owing to its cleansing properties, soap is used in enor- 
mous quantities. In Great Britain alone, about 100,000 
tons are manufactured annually. 

In making this soap large quantities of tlio fixed alkalies 
are consumed. 

198. Potash. — If a handful of wood-ashes is placed on 
a filter, and hot water gradually poured over it, the liquid 
filtered through will turn red litmus-paper blue. If this 
liquid is evaporated to dryness, a gray solid remains be- 
hind, which becomes white on being heated to redness. 
On holding some of this solid in the flame of a Bunsen's 
lamp, by means of a platinum wire, the flame becomes 
rose-colored, showing that the substance contains potas- 
sium (46). If any acid be added to this solid, carbonic 
acid escapes, showing that it is a carbonate. It must then 
be carbonate of potassium, KC3O. When prepared in this 
way, it is called crude potash. In regions where wood is 
plenty, as in Russia and America, crude potash is manu- 
tactured on a large scale by a process similar to this. 
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This method of separating soluble substances from in- 
soluble ones is called leaching, or Itxiviaiion. 

There are in the ashes of plants other soluble substances 
besides carbonate of potassium, and all these will, of course, 
be found in crude potash. 

If crude potash is dissolved in an equal weight of water, 
and allowed to stand over night, a sediment settles which 
is chiefly silica, or silicic add {89). If the solution is then 
evaporated one half, and again allowed to stand over night, 
the other foreign substances will mostly crystallize. If it 
be then filtered, and the filtrate evaporated to dryness, 
purified potash is obtained. 

Potash is very soluble. It is therefore the first sub- 
stance to dissolve, and the last to separate from tJie solu- 
tion. The other substances found in ashes are rauch less 
soluble ; hence they remain partially undissolved, and 
partially separate from the liquid m crystals, beloie the 
potash shows even the slightest tendency to crystallize. 

If a solution of potash is boiled with hjdratc of lime, 
the potassa and lime change places 

or, zK€«-3 + HaCaO, — aHKe -f- -€a (Ce^),- 

In this way, the hydrate of potassium, which is used in 
the making of soap, is prepared from the carbonate, which 
is the chief commercial salt 

199. Soda-ash. — While the ashes of land plants con- 
tain a large amount of potassa, those of marine plants 
contain little potassa, but a large amount of soda. It was 
from the ashes of such plants that carbonate of sodium, or 
the soda-ash of commerce, was formerly obtained 

Before the French Revolution, the Continental nations 
of Europe derived their soda-ash mainl) from Spam, ivhere 
it was made from the ashes of certain manne plants, which 
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were extensively cultivated for this purpose. The soda-ash 
obtained from the ashes of these plants was called barilla. 

In England, the soda-ash used was mainly obtained from 
the ashes of a sea-weed called Kelp, which grows abun- 
dantly on the north and west coast of Ireland, and on the 
west coast and the i^^lands of Scotland, 

One of the first effects of the war of the French Rev- 
olution was to cut off the supply of alkali from Spain, 
About this time, a French chemist, LeBlanc, discovered a 
process by which carbonate of sodium, or soda-ash, could 
be obtained from common salt, or cJiloride of sodium^ NaCl, 
This process became publicly known through a commis- 
sion appointed, during the first year of the Republic, to 
investigate the subject of alkali manufacture. As it met 
with their approval, it was soon carried into execution. 

The method disco\'ered by LeBlanc is the same as that 
now used in the making of carbonate of sodium, which 
has come to be one of the most important branches of 
chemical manufacture, 

200. llie Manufacture of Carbonate of Sodium. — The 
manufacture of carbonate of sodium from chloride of so- 
dium may be divided into two stages : — 

(1.) Manufacture of sulphate of sodium, or sail-cake, from 
chloride of sodium ; called the salt-cake process. 

(2.) Manufacture of carbonate of sodium, or soda-ash, 
from salt-cake ; called the soda-ask process. 

(i.) Salt-cake Process. — This consists in the decom- 
po'iition of salt, b) means of sulphuric acid This ib 
effected m a furnace, called the silt tike furnace^ a sec- 
tion of v^hich IS leprebented m Figure 47 It consists 
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of a large covered iron pan, placed in the centre of the 
furnace, and heated by a fire placed underneath ; and two 
roasters, or reverberatory furnaces (140), placed one at each 
side, on the hearths of which th'; salt is completely de- 
composed. The charge of half a ton of salt is first placed 
in the iron pan, and the requisite quantity of sulphuric acid 
allowed to run in upon it. Hydrochloric acid is evolved, 
and escapes through a flue with the products of combus- 
tion into towers, or scrubbers, filled with coke or bricks 
moistened with a stream of water; the acid vapors are thus 
condensed, while the smoke and heated air pass up the 
chimney. The reaction is as follows ; — 

2NaCi 4- H,0, Se, = NajO, Se, + 2HC1. 

After the mixture of salt and acid has been heated foi 
some time in the iron pan, and has become solid, it is raked 
out upon the hearths of the reas/ers, where the flame and 
heated air of the fire complete the decomposition into sul- 
phate of sodium and hydrochloric acid. 

(2.) Soda-ash Process.'-—'V\\\?, consists (i.) in the prepara- 
tion of the carbonate of sodium, and (2.) in the separation 
and purification of the same. The first chemical change 
which the salt-cake undergoes i3_ its reduction to sulphide 
of sodium, by heating it with powdered coal ; — 
Na^e, sea + €4 = Na^S + 4^0. 

T he second decomposition is the conversion of the sul- 
phide of sodium into carbonate of sodium, by healing it 
with chalk or limestone (cirbonate of calcium) ; — 
Na^-^ + £ae, €0^ — Na^O, CO^ + -€aS. 

These two reactions are, in practice, carried on at once ; 
a mixture of ten parts of salt-cake, ten parts of chalk or 
limestone, and seven and a half parts of coal, being heated 
in a reverberatory furnace, called the balling furnace, until 
it fuses, and the decomposition is complete, when it is 
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raked out into iron wheelbarrows to cool. This process is 
generally called the Mack-ash process, from the color of the 
fused mass. 

The next operation consists in the separation of the car- 
bonate of sodium from the insoluble sulphide of calcium 
and other impurities. This is easily accomplished by Ux~ 
ivitttion, or dissolving the former salt out in water. On 
evaporating down the solution, for which the waste heat 
of the balling furnace is used, and calcining the residue, 
the soda-ash of commerce is obtained. 

No less than 200,000 tons of common salt are annually 
consumed in the alkali works of Great Britain, for the prep- 
aration of nearly the same weight of soda-ash, the value 
of which is about ;^2,ooo,ooo. 

Hydrate of sodium, or caustic soda, is made in large 
quantities by boiling soda-ash and hydrate of calcium to- 
gether, and then evaporating the solution. The reaction 
is similar to that in the making of hydrate of potassium, or 
caustic potash (198). 

aoi. Bicarbonate of Soda. — Bicarbonate of soda is ob- 
tained by exposing the crystallized carbonate of sodium in 
an atmosphere of carbonic acid. It is a white crystalline 
powder, chiefly used in medicine and for making efferves- 
cing drinks. It is also much used in bread-making as a 
substitute for yeast. 



THE MANUFACTURE OF SULPHURIC ACID. 

202. As soon as the manufacture of soda-ash from salt 
was established, the demand for sulphuric acid increased 
to an immense extent, and capita! was freely invested to 
supply it. The origin and formation of sulphuric acid were 
carefully studied, and from year to year better, simpler, 
and cheaper methods of making it were discovered. With 
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every, improvement in the mode of matinfacture its pries 
fell, and its sale was increased in an equal ratio. 

Sulphuric acid was first prepared by distil ling/erf-caj sul- 
phate, or green vitriol, FeO, &6-g. The acid thus obtained 
is known ss fuming or NordJiausert acid, and consists of a 
mixture of sulphuric anhydride and hydrate of sulphuric 
acid, SOa+H^&e, (94-0). 

This method has long been superseded by a more con- 
venient one, which depends upon the fact that, though sul- 
phurous acid, &&2, does not combine with free oxygen and 
water to form hydrate of sulphuric acid, it is capable of 
taking up the oxygen when the latter is united with nitro- 
gen in the form of nitrous acid, ^^03 (81, 82). Thus : 

SOa + zUS- + N.Os = Ha&e^ + 2NO. 

Sulphurous acid, water, and nitrous acid yield sulphuric 
acid and nitric oxide. 

The nitric oxide formed in this decomposition takes up 
another atom of oxygen from the air, becoming nitrous acid, 
NjO-s, and this is again able to convert a second molecule 
of sulphurous acid, SOs, with water, H5O, into sulphuric 
acid, H^S-Oj ; being a second time reduced to nitric ox- 
ide, NO, and ready again to take up another atom of oxy- 
gen from the air. Hence it is clear that the nitric oxide 
acts simply as a carrier of oxygen between the air and the 
sulphurous acid ; and a very small quantity of it is there- 
fore able to con\ ert a ^ er\ large quantitj of sulphurous 
acid, water, ind nitrous acid into sulphuric acid 

This process ib condiicted on a large scale in chambers 
made of sheet leid, whn,h are often of a capacity of 50,000 
or 100,000 cubic feet The sulphurous acid is obtained 
either bj burning sulpnur m a cunent of air, or by roasting 
a mineral called not pynlcs (a mlphidt of it on, FeSj), and 
is led, together with air, into the chamber The nitrous 
acid is got from nitrate of sodium (103), which is decom- 
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posed either by the heat of the burning sulphur, or in a 
separate fiirnace. Jets of steam are also blown into the 
chamber at various points, and a thorough draft is main- 
tained by a high chimney. The sulphuric acid, as it 
forms, falls to the floor of the chamber, whence It is con- 
tinually drawn off. It is then heated, first in open leaden 
pans, and then in vessels of glass or platinum {as lead is 
attacked by the strong acid), until the excess of water is 
driven off, and a sufficiently concentrated acid is obtained. 
So extensively is this acid used, that the quantity manu- 
factured in South Lancashire alone exceeds 3,000 tons a 

THE MANUFACTURE OF BLEACHING POWDER. 

203. The Bleaching Power of Chlorine. — We have seen 
that in the manufacture of salt-cake hydrochloric acid is 
an incidental product : — 

2NaCl -f H2SO1 = NajSe^ + 2HCI. 

This hydrochloric acid was at first allowed to escape by 
the chimney as worthless, but a profitable application of it 
was soon discovered. 

The bleaching power of chlorine has long been known ; 
but it came to be employed on a large scale only after it 
was obtained from this waste muriatic acid. 

We have seen (5i) that if a piece of litmiis-paper be in- 
troduced into chlorine gas, it becomes white. We have 
seen also that chlorine is readily absorbed by water, which 
is then called chlorine water. Pour chlorine water upon 
wine or red ink, and the liquids will lose their color. 

Chlorine bleaches and destroys all organic colors ; that is, 
all colors derived from the vegetable and animal hingdoms. 

In consequence of this property, and of the cheapness 
with which it can be prepared from the waste hydrochloric 
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acid mentioned above, chlorine has become an important 
agent in the art of bleaching. It is used chiefly in bleach- 
ing cotton fabrics, which may now be rendered perfectly 
white in a few hours ; while, by the old method of laying 
them OR the grass in the sun, it required weeks, and even 
months, to effect iL It was necessary, moreover, to have 
meadow-land suitably situated for the bleaching ; hence 
most of the cloth manufactured in England was carried to 
Holland to be bleached. Besides tlie diminished expense, 
the cotton stufis bleached with chlorine suffer less injury in 
the hands of skilful workmen than those bleached in the 

204, Bleaching Pmuders. — The health of the workmen 
is greatly endangered by the use of chlorine in the gaseous 
or liquid state ; but it has been found that the gas is read- 
ily absorbed by slaked lime, and is as readily given up 
again when the lime is treated with dilute acid. 

When thus combined with lime, the chlorine can be ea- 
sily transported. The compound is called chloride of lime, 
or bleaching powder. 

205. The Preparation and Use of Bleaching Powder. — 
This substance is made on a large scale by conducting 
chlorine into spacious chambers, on the floor of which 
slaked lime is spread to the depth of" two inches. 

The chlorine is prepared by heating a mixture of hydro- 
chloric acid and black oxide of manganese, MnOj : — 

MnO^ + 4HCI = MnCls + 2HsO + zCI. 

Black oxide of manganese is found in many parts of 
Europe, but the most productive mines are in Thuriiigia 
and Moravia. More than 18,000 tons are used annually 
in England in the manufacture of bleaching powder. 

In bleaching, the goods are first dipped into a solution 
of the bleaching powder, and then passed through dilute 
acid. The chlorine is thus set free in the fibres of the cloth. 
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PRODUCTS OF THE SODA-ASH MANUFACTURE, 
AND THE MATERIALS USED. 

206. The direct and indirect products of tlie soda man- 
ufacture are chiefly carbonate of sodium, bicarbonate of 
Boda, hydrate of sodium (caustic soda), sulphuric acid, hy- 
drochloric acid, and bleacliing powder. The raw materials 
used are, mainly, common salt, sulphur, nitrate of sodium 
(cubic nitre, or soda saltpetre), black oxide of manganese, 
and lime. 



SOURCES OF SALT. 

207. Salt from Sea -Water. — In Southern Europe, on 
the shores of the Mediterranean, large quantities of salt 
are obtained from sea -water. The water is allowed to flow 
into large shallow pools, called salt-pans, where it is evap- 
orated by the agency of the air and the sun. Only pure 
water passes off in the form of vapor, and the solution 
grows more and more concentrated. After a time the 
brine is pumped into large iron pans, and evaporated by 
artificial heat until the salt crystallizes. 

208. Sail Lakes. — In many parts of the earth there are 
salt lakes. The streams which flow into them are more or 
less impregnated with salt, which they dissolve from the 
soil over which they flow. Such lakes are natural salt- 
pans, for the water which is evaporated from them is pure, 
and they consequently become more and more saturated 
with salt till it is finally deposited on the bottom in solid 
crystals. There are many inland lakes in which salt is 
thus accumulating. The most remarkable of them is the 
Great Salt Lake in Utah. 

209. Rock 5afl. — Such salt lakes appear to have existed 
in aJl geological ages, and by long-continued evaporation to 
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have given rise to large masses of solid salt, called rock salt. 
Ttiese beds of rock salt are found in all parts of the earth. 
The most remarkable are at Wieliczka in Poland, and at 
Cardona in Spain. The former is 500 miles long, zo miles 
broad, and 1200 feet deep. It has been worked for several 
centuries. Some of the galleries excavated in it are 30 
miles long. The bed at Cardona is a " mountain of salt," 
400 or 500 feet high, and the salt is of the greatest purity. 

Salt is obtained from these beds sometimes by excava- 
tion, and sometimes by solutioa In the latter case, a hole 
is sometimes bored down to the bed of salt, often to the 
depth of 1200 or 1500 feet. A tube somewhat smaller 
than the bore is then introduced, and fresh water allowed 
to flow down outside the tube. This water, on reaching 
the bed, becomes saturated with salt, and rises in the tube. 
Since, however, it is heavier than fresh water, it will not 
rise to a level with the latter on the outside of the tube. 
If the bore is 1200 feet deep, the brine will rise within 
about 200 feet of the top. It must be pumped up the re- 
maining distance. The solution is then evaporated, and 
solid salt obtained. 

The arrangement just described may be regarded as an 
artificial spring. 

aio. Salt Springs. — It not unfrequently happens that 
natural springs occur in such localities that their waters 
come into contact with beds of salt. Such springs are 
called salt springs, or brine springs. They sometimes come 
to the surface ; but oftener they can only be reached by 
boring, and the brine brought to the surface by means of 
tlie pump. The water of these natural springs is usually 
less concentrated than that of the artificial springs. In 
England and in this country the salt produced is nearly all 
obtained from brine springs. 

The most important salt springs of this country are in 
Central New York, in Virginia, and in Pennsylvania, 
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About 6,000,000 bushels of salt are produced annually 
in. New York. When the brine is not a saturated solution, 
it is usually concentrated by partially evaporating it in large 
shallow pans by the air and the sun. It is then further 
concentrated and crystallized by artificial heat. 

SOURCES OF SULPHUR. 

211. Sulphur occurs in nature both free and combined : 
it is found free in certain volcanic countries, especially in 
Sicily and Iceland ; it exists in combination with many 
metals, forming sulphides (138, 140). These sulphides are 
the ores from -which several of the metals are commonly 
obtained. Thus FbS-, sulphide of lead (galena), ZiiS, sul- 
phide of zinc (zinc blende), and -GuS, sulphide of copper, 
are the most productive ores of those metals. 

In order to obtain pure sulphur, the mineral containing 
the crude substance mixed with earthy icsi purities is heated 
in earthen pots (Figure 48) ; the sulphur distils over in 

Fig. 43. 
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the form of vapor, which is condensed in similar pots 
placed outside the furnace. The sulphur thus obtained is 
refined or purified by a second distillation. 

If the vapor of sulphur is quickly cooled below its melt- 
ing-point, it solidifies in the form of a fine crystalline pow- 
der, c^\q^ flowers of sidpkur ; just as watery vapor, when 
cooled below the freezing point of 'water, becomes snow. 
When sulphur is gently heated it melts, and may be cast 
into sticks, and is then known as brimstotie or roll sul- 
phur. 

SOURCES OF AMMONIA. 

212. Ammonia is usually obtained by the action of lime 
on sal ammoniac. The lime should be previously slaked, 
and then mixed with about two thirds of its weight of fine- 
ly powdered sal ammoniac. The mixture is heated in 
a flask arranged as 
shown in Figure 49. 
The gas is washed by 
passing it through a 
wash-bottle, and is 
then conducted into 
water. This solution, 
as we have already 
seen {43), is known 
by the name of aqua 
ammonia. At the or- 
dinary temperature, 
water absorbs more 
than 1,000 times its 
bulk of the gas. 
The reaction between hydrate of lime and sal ammoniac 
s as follows: — 

2(HiN)Cl + H,-€aOs = -eaClj -f- aHaO + 2H3N. 
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:, or chloride of ammonium (loo), is obtained 
from the ammoniacal liquor oi the gas-works (182), by treat- 
ing it with hydrocliloric acid. 



SUMMARY OF THE MANUFACTURE OF THE 
ALKALIES. 

The three most important alkalies are the hydrates of 
potassium, sodium, and ammonia. The first two are called 
t\ic fixed alkalies ; the last, the volatile alkali. (194.) 

The fixed alkalies are usually prepared as carbonates, 
and are rendered caustic by the addition of caustic lime. 
The carbonate of potassium is commonly known in com- 
merce as potash, and the carbonate of sodium as soda-ash. 
(198, 195.) 

These alkalies are used in enormous quantities in the 
manufacture of soap. (195.) 

The hard soaps are stearaies, oleates, palmates, etc. of 
sodium, and the soft soaps are the corresponding salts of 
potassium. (197-) 

Potash is obtained from the ashes of land plants by 
lixiviation. {198.) 

Soda-ash was formerly obtained from the ashes of marine 
plants by the same method. It is now made in enormous 
quantities from rnmmon salt, or chloride of sodium. 

The chloride of sodium is first treated with hydrate of 
sulphuric acid, which gives rise to sulphate of sodium and 
muriatic acid. 

This sulphate is then converted into carbonate by heat- 
ing it with coal and chalk. The carbonate of sodium is 
then separated by lixiviation from the sulphide of calcium 
formed at the same time, and is crystallized by evaporating 
the solution thus formed. (199, 200.) 
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Large quantities of caustic soda and of bicarbonate of 
soda are liiade from a portion of this soda-ash, at the 
manufactories of tlie latter. (200, zoi.) 

The soda-ash is converted into bicarbonate of soda, by 
ejtposing the crystals to the action of carbonic acid. (201.) 

The muriatic acid produced in the manufacture of soda- 
ash is saved, and used as a source of chlorine for the 
making of bleaching powder.*(20o, 203.) 

The chlorine Js separated from the muriatic acid by the 
acti f bl k 'd f m nganese, and bleaching powder 
is f m d b this chlorine on slaked lime. 

G q p uric acid are consumed in the 

man d v,h 

Th d d e, is formed by the mutual re- 

act! n h n trig oxide, air, and steam, in 

lead n h b centrated by boiling it down 

ing p ra 

T p d b ained by burning sulphur in a 

free d h nitric oxide by the action of 

sulp d n odium. (202.) 

Th ph d mainly from Sicily, and the 

nitra d n P (211, 161.) 

C d dm t, is obtained in various parts 

of the earth from salt beds and springs. (209, aro,) 

Ammonia is prepared from the ammoniacal liquor, which 
is a waste product of the gas-works. (212.) 
* See Appendix, 30. 
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CONCLUSION. 



We have now eKamined a few chemical substances and 
processes, and have thus become familiar with tlie action of 
the force called affinity. 

An examination of the four compounds muriatic acid, 
water, ammonia, and marsh-gas, and of the compounds of 
nitrogen and oxygen, brought clearly to light the leading 
features of the action of this force. 

In the first place, we learned that affinity causes the 
atoms of different elements to unite, so as to form new 
molecules with properties quite unlike the original ones. 
Secondly, we found that it always causes a definite num- 
ber of atoms to unite to form a molecule of the new com- 
pound. Thirdly, it acts between the atoms of different 
elements with different degrees of strength. Fourthly, it 
acts by preference between one atom of a given element, 
and a certain number of atoms of other elements, which is 
the same for elements of the same group, and different for 
those of different groups. Fifthly, it often causes the 
atoms of two or more elements to unite in several propor- 
tions to form different compounds, which have quite differ- 
ent properties. 

Then, in examining the various ways in which binary and 
ternary salts are formed, we discovered that when two com- 
pounds are brought together under favorable circumstances, 
the atoms of the different elements often change places. 
When the atoms belong to the same group, an atom of each 
element replaces an atom of another. When they belong 
to different groups, an atom of one no longer replaces an 
atom of another ; but they replace one another in such a 
way that the atom-fixing power of the atoms in a molecule 
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of each of the new compounds remains the same as in the 
old ones. 

Next, an e\im n-jtion of ordinarj combustion revealed 
the fact that the burning of wood 11 d coal, and of gas, are 
chemical processes and that our arlilicial light and heat 
are developed by the act on of afti lity ; while it brought 
clearly to light the fact that ifflnitv is often dormant till it 
is roused to activity b) some agent, such as heat. The 
study of this process also disclosed the part that affinity 
had played m the formation of our earth. 

The study of respintion decay and the growth of plants 
showed the part whch affinity now plays in nature. We 
found that the atmosphere is trinsformed into food fit for 
man and many other animals b) a chemical process car- 
ried on in the leU by tl e agencj of the sunbeam. The 
enormous amount of material thus removed from the 
atmosphere we found to be again poured back into it as 
the products of another chemical process, by which or- 
ganic substances are destroyed in ordinary combustion, 
respiration, and decay. And we found that this chemical 
process is maintained by the oxygen set free in the growth 
of plants. 

We noticed also, that the chemical process going on in 
the leaf furnishes us, not only with our food and with fuel 
for our fires, but with the means of again liberating the 
most useful metals from the elements with which affinity 
had locked them up in the formation of the present ma- 
terials of our globe. 

A brief study of destructive distillation brought to our 
view a few of the most important of the substances which 
can be produced by the breaking up of vegetable com- 
pounds, by means of heat. Among these substances, we 
noticed particularly the various kinds of coal, illuminat- 
ing-gas, coal-oils, paraffine, ammonia, and aniline. 

The substances that can be obtained by the breaking up 
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knowledge of chem cal a t on le 1 o the discovery that the 
sodium of common salt could be converted into soda-ash. 
But this process required a large amount of sulphuric acid. 
This acid had, heretofore, been made by the rude process 
of distilling green vitriol ; but the increased demand for it 
led to a more careful study of the action of affinity in its 
formation, and the important discovery was made that sul- 
phurous acid (which can be produced in any quantity by 
simply burning sulphur in a free supply of air) can be 
readily converted into sulphuric add, on a large scale, by 
means of nitric oxide and steam. 

Until quite recently, all the hydrochloric acid produced 
in the manufacture of soda-ash was allowed to escape as a 
waste product, although the bleaching power of chlorine 
was well known. But a more thorough knowledge of affin- 
ity showed how this element could be safely and ecouom- 
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ically used for bleaching cotton fabrics. Then a way 
was found of saving the hydrochloric acid, and its chlo- 
rine was consumed in the preparation of bleaching pow- 
der. 

We have not aimed to exhaust the subject of chemical 
affinity. We have merely studied a few compounds to dis- 
cover the laws of its action, and a few processes to illus- 
trate the importance of this force iu nature and in the 
arts. 
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MAGNETISM. 

213. Magnets. — In studying Electricity it is necessaiy to 
know a few things about magnets. 

Bring one end of an ordinary bar magnet into contact 
■with a pile of iron tacks ; on removing it, a number of the 
tacks are carried away with it. This illustrates one of the 
leading characteristics of a magnet; namely, that it attracts 
iron. The force residing in a magnet and shown by its at- 
tracting iron is called magnetism. 

There is a certain iron ore which has the power of at- 
tracting iron. This ore seems to have been first found 
near Magnesia, a city of Asia Minor. Hence the name 
magnet. Natural magnets are caLled loadstones (more prop- 
erly hdestones), that is, stones that lead or draw iron. 

2r4. The Power of a Magnet resides chiefly at the Ends. — 
If a small iron ball is fastened to a string, and moved 
alongside a bar magnet, it is scarcely attracted at the mid- 
dle of the bar. As it approaches either end it is attracted 
more and more strongly, until it is brought near the end, 
where attraction is found much the strongest. The force 
of a magnet, then, resides chiefly at the ends. 

Put a piece of stiff drawing-paper over a strong magnetic 
bar, and strew fine iron-filings over it. Not only is the 
position of the magnet below shown on the paper, but the 
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the poles. These lines are called lines of magnetic force, or 
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215. The Forcts at iJu Off it' Ends of a 
^, Oppostti. Direction' — Suspend a bar 

magnet by a string so tliat it can turn 
fieclj Bnng one end of a bar mag- 
net near one end of the suspended 
magnet, and the latter is drawn to- 
^ wards it Reverse the ends of the 
bar magnet, and the end of the sus- 
pended magnet is repelled. This shows that the forces at 
the ends of a magnet act in opposite directions, 

216. The Poles of the Magnet. — The ends of the magnet, 
where the opposite forces reside, are called /i7/^j. 

When a bar magnet is poised so that it can move 
freely, it takes a nearly north and south direction. One of 
its poles will always point to the north, and is called the 
north pole. The opposite pole is called the south pole. A 
bar magnet thus poised so as to turn freely is called a 
magnetic needle. 

217. The Earth ads like a Magnet. — If a small needle 
which is free to move in a horizontal plane is placed upon 
a bar magnet, its south pole will always point towards the 
north pole of the latter. If a small dipping needle, that is, a 
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needle which is free to move in a vertical plane, is placed 
above the middle of a bar magnet, it stands parallel with 
the bar magnet. If it is moved towards the iiortli pole 
of the magnet, the south pole begins to dip towards the 
magnet ; and the farther it is moved towards tliis pole, the 
niQre it dips. If it is moved from the centre of the bar 
magnet towards the south pole, its north pole dips in tlie 
same way. 

We have already seen that a magnetic needle free to 
move in a horizontal plane points north and south when 
held above the earth. It is also found that a dipping 
needle in the vicinity of the equator stands parallel with 
the plane of the horizon, and that, when carried north from 
the equator, its north pole dips towards the horizon ; while, 
if it is carried south from the equator, its south pole dips 
towards the horizon. 

It is thus found that the earth acts upon a magnetic 
needle like a magnet whose poles are near the poles of the 
earth ; its south pole near the north pole of the earth, and 
its north pole near the south pole of the earth. 

The French regard the magnetic pole of the earth near 
the north pole as a north pole, and the pole of the magnetic 
needle which points towards this pole as the south pole. 
The pole of the magnet, therefore, which we call the north 
pole, the French call the south pole, and vice versa. 

218. Like Poles of Magnets repel and unlike Poles attract. 
— This has already been shown by the action of a bar mag- 
net upon a dipping needle It may be further shown by 
bringing the noith pole of a bar magnet neat die north 
pole of a needle, which will be repelled On bringing 
the south pole of this magnet neai the noUh pole ot 
the needle, it will be attiacted 

219. Magnetism is deidiped tn Iron or Stttl by Indiu 
tion. — When apiece of soft iron is biought into contict 
with the pole of a magnet, it will attract othei pieces of 
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iron, showing that magnetism has been developed in the 
iron by contact with the magnet. Magnetism can be de- 
veloped in a piece of steel Jn the same way. The iron 
however, loses its magnetism as soon as it is taken away 
from the magnet, while the steel retains it. It is not neces- 
sary that a piece of iron should be brought into actual 
contact with the pole of a magnet in order that magnetism 
may be developed in it, but merely that it be brought very 
near the pole. 

Magnetism developed in this way in a piece of iron or 
steel is said to be induced. 

2ZO. Forms of Magnets. — Ordinary magnets are made 
Pig ,2 of steel. \Vhen straight they are called 

bar magnets; when bent into the shape of 
the letter U they are called horseshoe mag- 
nets. When several bar or horseshoe mag- 
nets (see Figure 52) are connected, they 
constitute a magnetic hallery. 

Z2I, Tke Making of Magnets. — Mag- 
nets are often made by contact with per- 
manent magnets by a process of single 
or double touch. In the former case, the 
steel bar to be magnetized is laid on a 
table, and the pole of a powerful magnet is rubbed from 
ten to twenty times along its length, always in the same 
direction. If the magnetizing pole be north, the end of 
the bar it first touches each time becomes north, and the 
end where it is taken off becomes south. The same thing 
may be done by putting one pole of the magnet, say the 
north, first on the middle of the bar, then giving it a few 
passes from the middle to the end, returning always in an 
arch from the end to the middle. The other half of the 
bar is then rubbed in the same way with the south pole of 
the magnet. The first end rubbed becomes the south, and 
the other the north pole of the new magnet 
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The method by double touch is shown in Figure 53. The 
bar sn to be magnetized is placed on a piece of wood, W, 
with its ends resting 
on the extremities of 
two powerful magnets 
NS and SN. Two 
rubbing magnets are 
placed with theirj)oles 
near, but not touch- 
ing, on the middle of sn, inclined to it at an angle of 10° 
or 1:5°. The two magnets are then drawn along from the 
middle to one end and then back to the other, and so 
backwards and forwards from ten to twenty times, and 
lifted from the magnetized bar again at the middle. Care 
must be taken that both ends are rubbed the same number 
of times, and that the lower poles of the nibbing magnets 
do not go beyond the ends of the bar. Both the upper 
and lower surfaces of the bar must be rubbed in this way, 
in order to magnetize it fully, A small piece of wood may 
be placed between the poles of the rubbing magnets to 
prevent contact. The position 
f~^ ' ' of the poles is shown in the 
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SUMMARY. 



Any substance which will attract iron is called a magnet. 
The force which enables it to attract iron is called magnet- 
i~. ("3.) 

This force resides chiefly at the ends of a magnet, which 
are called its poles. It radiates from these poles in curved 
lines, called Itnei of magnetic force, or magnetic curves. (214, 
«.6.) 

The forces residing at the opposite poles of a magnet act 
in opposite directions. (215.) 

The north pole of a dipping needle always points to- 
wards the south pole of a bar magnet, when held over it. 

The earth acts upon a needle like a magnet. Its mag- 
netic poles are situated near the poles of its axis. As we 
name the poles of a magnet, the magnetic pole of the earth 
north of the equatpr Is a south pole, and the one south of the 
equator is a north pole. The French call the magnetic pole 
north of the equator a north pole, and the end of the nee- 
dle which points towards it a south pole. (217.) 

Like poles of magnets repel, and unlike poles attract 
each other. (218.) 

A magnet can develop magnetism in iron or steel by in- 
duction. Soft iron loses its magnetism as soon as it is with- 
drawn from the influence of the magnet, while steel retains 
its magnetism permanently. {219.) 

Ordinary magnets are made of steel. They are called, 
from their shape, bar magnets, or horseshoe magnets. (220.) 

Magnets may be made by contact with other magnets, by 
a process oi stngte or double touch. (221.) 
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THE QUANTITY AND THE INTENSITY OF THE 
ELECTRIC FORCE. 

222. The apparatus represented in Figure 55 la called a 
Butisen's eell or element. It consists of the follow ing parts 
a large earthen or glass cup ; a piece of zinc rolle 1 into a 
cj'linder and open down one side ; a porous porcelain cup, 
small enough to go inside the zinc c)l p^ jj 

inder; and apiece of coke carbon small 
enough to stand inside the porcelain 
cup. These pieces are placed inside 
each other in the order mentioned , 
and the larger cup is filled ivith dilute 
sulphuric acid, and the smaller cup 
with the strongest nitric add. 

If now the zinc and carbon be co 
nected by means of a copper wire, a 
this wire be held over a magnetic n 
die in such a way that the part of the 
wire above the needle shall be paral el 
with it, the needle at once turns aside sho ha e e 

is a new force in the wire. This force is called iltctrMty. 

The parts of the cell thus connected are called "Cae^ poles. 
In this case, the zinc is called the negative pole and the 
carbon the positive pole. Whatever connects the poles is 
called the circuit. 

S23, The Electric Current. — If the wire is held over the 
needle in such a way that the wire passes from the carbon 
of the cell to the north end of the needle, thence to the 
south end and to the zinc, the north pole of the needle 
turns to the east ; or, supposing an obsen-er to be facing 
the north pole of the needle, it turns to his left. If the 
direction of the wire is reversed, so that it passes from the 
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zinc to the north pole of the needle, thence to the south 
pole and the carbon, the north pole of the needle turns to 
the right. 

The fact that the needle turns rn opposite directions 
when the direction of the wire over it is reversed, suggests 
at once tiie idea that the force in the wire is in motion, or, 
in other woidii is z.€ir ent which ought to produce oppo- 
site effects when flowing in opposite di ections. It is 
called a current of el ctru t As i matter of convenience, 
the electricitj is considered as start ig from the carbon, or 
the positive pole of the cell and flo '• ig through the wire 
to the zinc or tl e ne£,ative pole 

It must be cirefully home m m i d that by the electric 
current we mean iimplj the onvirl j ropagation of the 
electric force and not the rao\ mc it of any material sub- 
Fg 56. stance or ether al fl ! This 

flo ii of fo c f on n lecule to 
molecule s best llubt ated by a 
set of nor} bills hu g side by 
sde as sho F ^oi e 56. If 

the first ball at the left be raised 
and let fall agam all the balls lemam at rest except the 
last which flies off Obviously (he force imparted to the 
first has passed from ball to ball throughout the line. 

224. The Electric Ballery. — When several cells are joined 
together, they constitute a iallery. There are two ways in 
which the cells may be joined : (i.) the zinc of the first cell 
may be joined to the carbon of the second, and the zinc 
of the second to the carbon of the third, and so on through- 
out, and the free carbon, or positive pole of the first cell 
joined to the free zinc, or negat e ^ole of tl e last, by 
means of a wire ; or (2,) tl t. -^ c maj ■Ul be jo ned to- 
gether, and the carbons all jo ned togttl er aid then the 
zincs and the carbons joii ed by a w re 11 esc t ways 
of arranging the battery are shown in F gures 57 aid 38. 
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225. Quantity and Intensity. — Let a battery of three 
cells be arranged according to the first method, and the 
opposite ends, qt poles, be connected by a short, thick cop- 
per wire, which passes over a needle, and let the number 
of degrees the needle is deflected be noted. Then let the 
same cells be arranged into a battery according to the 
second method, and the zinc and carbon be connected by 
the same wire, and the needle will be deflected more than 
in the former case. When the battery, then, is arranged 
according to the second method, the electricity which it 
generates has a greater power Co deflect the needle than 
when it is arranged according to the first method. 

If now the cells be igim an \nged as at first, and a piece 
of fine steel wire, five or six inches long be mtioduced 
into the cncuit, the needle wxU bt deflected considerably 
less thin when the circmt js completed with the short, 
thick copper wire showing that the current is resisted in 
passmo through the fine wne If now the same piece 
of tine v\ire be intioduced into the circuit, and the batte y 
be arranged according to the second method, the needle 
will be deflected coniideiallj leas than when the battery 
13 arranged accordmg to the fiist method bhonmg that 
the electricitj geneiited bj the first form of batter; has a 
greater powei of overcoming resistance in the circuit than 
that generated by the second form. 
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The power of the current to deflect a needle is called its 
quaniitj, and its power to overcome resistance in the cir- 
cuit is called its intensity, or its tension. 

The first form of the battery is seen to develop electri- 
city of the greatest tension, and hence it is called a battery 
of tension, or intensity battery; while the second form of the 
battery develops electricity in the greatest quantity, and 
hence is called a battery of quantity, or quantity battery. 
When, therefore, much resistance is to be overcome, the 
tension battery had better be used ; 
when but Utfle resistance is to be over- 
come, the quantity battery is to be 
preferred. 

When a considerable quantity of elec- 
tricity is required, and at the same 
time electricity of considerable ten- 
sion, the two methods of arranging 
the battery are combined, as shown in 
Figure 59. 
7,2^. Conduetors and Non-Condudors. — If a piece of 
glass, sealing-wax, or dry wood be introduced into the cir- 
cuit, the needle will show that no current passes. Sub- 
stances which will not allow the electric force to pass 
through them are called non-conductors; while other sub- 
stances are called conductors. Metals are generally good 
conductors. Copper is one of the best conductors ; hence 
copper wires are used in all the ordinary experiments with 
electric currents. 

When the circuit is composed entirely of conductors, it 
is called a closed circuit ; when there is a non-conductor in 
any part of the circuit, it is called an open circuit. 
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SUMMARY. 

A Eunsen eel! consists of a piece of coke carbon 
plunged in strong nitric acid contained in a porous cap, 
which is placed inside of a cylinder of zinc, plunged in 
dilute sulphuric acid. 

The carbon and the zinc are called t\\& poles of the cell ; 
the carbon theposiiive pole, and the zinc the negative pole. 
That which is employed to connect the poles is called the 

A force called electricity resides in a wire which connects 
the poles. (323.) 

Since this force seems to flow through the wire, it is 
called a current. We always consider the current as start- 
ing from the positive pole, and passing to the negative 
pole. («3.) 

When two or more cells are connected, the apparatus is 
called a battery. 

The carbon of one cell may be connected with the zinc 
of the next, and so on throughout ; or the carbons may all 
be connected, and also all the zincs. In the first case, 
the free zinc of the first cell and the free carbon of the 
last are the poles of the battery ; in the second, the united 
carbons constitute one pole, and the united zincs the 
other. (224.) 

When fine steel wire is introduced into the circuit, the 
current meets with resistance. 

The power of the current to turn a needle is called its 
quantity, and its power of overcoming resistance is called 
its intensity. 

The electric force does not always possess these two 
qualities in the same proportions. 

The battery arranged in the first form gives electricity of 
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greater mtenstt} th^n the bitten irranged m the ';econ.d 
form, while the latter ^nes tleci iLitj of sfrcater qum 
iity thin the other Hence the 1 jt form of batte ) i& 
called in iiiUnsti) batteiy, the second, a qtanhy bit 
tery (2^5 ) 

Substances, which allon tht cuiTent to pibs readily 
through them are called conlLdo,^ while thoae v;hi>.h will 
not illoft It to pass are called non and ictot The metals 
are generally good conductors while dij wood glais lesm, 
and gases are non condiicljrs Co] pti is oni, ol tht, best 
conductors 

^\hen the ci tuil is made up entiiely of conductois 1 11 
said to be ckstd , -when there is a non coiducior any^hae 
in the circuit, it is said to be open. (226.) 



ACTION OF THE CURRENT UPON A NEKfJLE. 

237. The Rheoiome and the Rhcoirope. — In studying the 
action of the current upon a magnetic needle, it is desira- 
ble to have some ready way of stopping or breaking the 
current, and of changing its direction. An instrument for 
breaking the current is called a rheoiome, a name derived 
from two Greek words, and signifying current-cutter. An 
instrument for changing the direction of the current is 
called a rhcoirope, tliat is, a currmi-tumer. 

These two instruments are often combined in one. One 
of the most convenient forms of this apparatus is shown ia 
Figures 60 and 61. 

It has two binding-screws, by whicli it may be connected 
with the two poles of the battery. These binding-screws 
are connected with copper springs, which press against a 
key. li represents one of these springs, whicli are shown 
better a.t m and n in the end view given on a smaller scale 
in Figure 61. A copper atrip runs from each end of the 



3d b, Google 



ELECTEICITV. 1/9 

key, each strip terminating in a binding-screw, to which is 
attached the remainder of the circuit. The key (shown 
in section in Figure 60) is the essential part of the ap- 
paratus. It is made chiefly of ebony, which is a non- 
conductor of electricity. A metallic axis passes a little 




site sides of 
1 Figure 61), one 



way into each end of the liey. Each of these metallic 
pieces is connected by conductors witJi the copper strips 
running from the ends of tlie key. 
the key are two pieces of copper (a a. 
of 1 1 s connected bj a t iss 
sere V ^ to the net^ 1 c t at 
one end of d e ke and tl e otl er 
hy B h the i etal c ax s at tl e 
o her end In one pos t on of 
tl e kej the c p] er sp ng press 
aga nst ebo an 1 e curr nt ' ' 

s thus broken inoii er pos on the coprer sp ngs 

press aga t tie p cccs of copper on each de of t e 
ke and t e c cu t s tl us closed Tl e cu ent t en 
\ sse the coj per p ng .^ con t^ ed th 1 e j os ve 

po e of t e b t ) , alo g the p ecc of copper DP o thit 
side of the key, through the brass screw B, to the metallic 
axis K at one end of the liey ; thence, through the copper 
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Strips and wire M, to the other end of the key 0, through 
the brass screw A at that end, to the piece of copper A C 
on the opposite side of the key, down the copper spring, 
and on to the negative end of the battery. Turn the key 
half-way round, and the oilier piece of copper on the key is 
brought against the spring connected with the positive pole 
of the battery, and the current must pass out from the key 
at the opposite end of the axis, and, through the remainder 
of the circuit, must take a course just the opposite of that 
in which it first passed. Hence, by turning the key half- 
way round, the direction of the current can be changed. 

32%. A Magnetic Needle tends to place itself at right angles 
ivith a Wire through ivhieh a Current is flowing. — If now 
the current be made to flow over a needle from its north 
end to its south end, the north pole of the needle will turn 
to the left hand of an observer who is facing that pole. 
If it be made to pass over the needle from its south pole 
to its north, its north pole will turn to the right. If it be 
made to flow tmder the needle, the north pole will turn in 
just the opposite direction \ that is, to the right, when it 
flows from its north to its south pole, and to the left, when 
it flows from its south to its north pole. . If a needle free 
to move in a vertical plane be held to tlie right of the wire, 
its north pole will point downward when the current flows 
from the north to the south pole of the needle, and upward 
when it flows in the opposite direction. If such a needle 
be held to the left of the wire, its north pole will point up- 
ward when the current flows from its north to its south 
pole, and downward when it flows in the opposite direc- 
tion, 

329. Magnetic Rotations. — We see, then, that the needle 
always tends to place itself at right angles to a wire tlirough 
which a current is flowing. We see, moreover, that, if a 
needle which is free to move in both a horizontal and a 
vertical plane be held above a wire through which a cur- 
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rent is flowing from north to south, its north pole turns to 
the west ; and that, if the needle be held on the west 
side of the wire, its north pole turns downward ; and that, 
if it be held below the wire, its north pole turns to the 
east ; while, if it be held to the east side of the wire, its 
north pole turns upward. 

It would seem, then, that this pole would move round 
the wire, if it were free to do so. 

The piece of apparatus represented in Figure 62 consists 
of a glass cup filled with mercury, an iron wire passing up 
through the bottom of the cup, with a bar magnet fastened 
to it by means of a string, and a copper wire dipping into 
the mercury above. As the mercury is a conductor of elec- 
tricity, and offers no serious resistance to the movement of 
the magnet, the upper pole of the latter is p. ^^ 
free to move around the wire. When the iron 
and copper wires are connected with the op- 
posite poles of the battery, the upper end of 
the magnet actually begins to rotate around 
the wire. If the upper end of the magnet is a 
north pole, and the copper wire is cannected 
with the positive pole of the battery, the mag- "^" ~^ 

net rotates around the wire to the right ; if the upper end 
of the magnet is a south pole, it rotates in ^ig. 63. 
just the opposite direction. 

If the magnet be made stationary, and 
the wire movable, as shown in Figure 63, 
the wire will rotate around the pole of the 
magnet. 

230. TAe Rkeoswpe, or Galvanometer. — 
Any instrument used for detecting or meas- 
uring a current is called a rheoscope, or a 
The first name means a current-examiner ; the second, a 
measurer of galvanism. Current electricity is often called 
galvanism, from its discoverer, Galvani. Thus far, in our 
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examination of the existence and tlie strength of the 
electric current in the circuit, we iiave used a simple 

If this needle moves over a graduated arc, it will be 
found to move a greater number of degrees when the cur- 
rent passes entirely round it, than when it merely passes 
over it or under it. It is evident that this should be so. 
The current above and below the wire must, in this case, 
pass in opposite directions, and must, therefore, both tend 
to move the needle in the same direction. The effect is the 
same as if two currents of equal strength were passing over 
or under the wire, and both in the same direction. Every 
time, therefore, that the wire conducting the current is 
coiled round the needle, the effect of the current is multi- 
plied. A current which is too weak to deflect the needle 
by simply passing over or under it, may be made to deflect 
tlie needle decidedly by coiling the conducting wire a great 
number of times round the needle. 

231. The Astatic Needle. — When a single needle is de- 
flected \>y the current, not only must the resistance caused by 
the weight of the needle be overcome, but also the directive 
action of the earth. It is this directive action of the earth 
which causes the needle to take its north and south position ; 
and it offers a greater resistance to the deflection of a light 
needle than its weight does. This directive action can, 
however, be completely neutralized 
by the arrangement shown in Figure 
64. Two needles of equal magnetic 
strength are fastened together, so that 
the north pole of one faces the south 
pole of the otlier. The earth will 
evidently pull each end of such a combination of needles 
both towards the north and towards the south with equal 
strength. It will therefore have no tendency to point north 
and south. Such a system of needles is called an astatic 
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needle {from a Greek word meaning unsteady), that is, one 
having no directive power. 

232. The Asiatic Galvanometer. — If now copper wire be 
coiled a great many times around tlie lower needle, and an 
electric current be sent through the coil, it will act on both 
needles so as to turn both in the same way. For, suppose 
that the current passes over the lower needle from its north 
to its south pole, it will turn the north pole of that needle 
to the left. It will then pass under the upper needle from 
its south to its north pole, and wil! turn its south pole to 
the left of an observer facing that pole. If, then, an ob- 
server is facing the north pole of the under needle, the 
current between the needles will so act upon both as to 
turn the ends towards him to the left. As the current has 
only to overcome tbe resistance caused by the weight and 
the friction of the needles, they will be very sensitive to 
its action. 

An instrument arranged as above described is called an 
astatic galvanometer. 

When the needles are light, and delicately hung, such a 
rheoscope is exceedingly sensitive. It serves to detect and 
measure the feeblest current. Fig. 65. 

Figure 65 represents a galva- 
nometer of this kind. Theastatic 
needle is placed within a coil of 
fine copper wire carefully insulat- 
ed with silk, and is su-jpcnded by 
a cocoon thread to a hook sup- 
ported by a brass frame. It 
hangs freely without touching 
the coil, and the ripper needle ■ 
moves on a graduated circle. 
The whole is enclosed in a glass 
case, and rests on a stand supported by three levellln 
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233, The Tangent Galvanometer. — This instrument is 
sIioHn in 1 'Tjre 66 It consists of a thick strip of copper 

P bent into the form of a circle from 

one to two feet in diameter, with a 
small needle moving on a gradu- 
attd circle at its centre. It can be 
used for measuring the strongest 
currents ; and, since the current 
m passing through the thick cop- 
per nng is resisted scarcely at all, 
It has the advantage of measuring 
the current without diminishing its 
strength. 

^\ e have seen that the astatic 
galvanometer is used for meas- 
uring very feeble currents. For 
^*=^ measuring currents of ordinary 
strength, a gah anometer of the same liind, but of less deli- 
cate construction, is used. 

234. The Needle Telegraph. — Since the electric current 
passes with comparatively little resistance through thick 
conductors of almost any length, it is now much used in 
transmitting signals between distant stations. An instru- 
ment for sending such signals is called a telegraph. The 
word literally means writing at a distance. 

Four things are essential in every kind of electric tele- 
graph : (i.) a battery for generating the electricity; {2,) 
wires for conducting the electricity ; (3.) an instrument for 
sending the message ; and (4.) an instrument for receiving 
the message. 

It has already been found that the opposite poles of the 
battery must be connected by a continuous conductor in 
order to obtain a current of electricity. It has been found 
that, if one end of the battery be connected with a copper 
plate sunk in the ground deep enough to be in contact 
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with moist earth, and if a wire from the other erid of the 
battery be connected with a copper plate similarly situated 
at a distant station, the current will pass just as well as 
when a wire passes from one end of the battery to the dis- 
tant station, and then back to the other end of the battery. 
The earth in this case takes the place of one half of the 
conductor. In practice the circuit is always completed by 
the earth. 

Suppose now, that at one station a rheotrope is intro- 
duced into the circuit, and at the other a galvanometer. 
Every time the circuit is closed by the rheotrope, the needle 
of the galvanometer is deflected ; and every time the cur- 
rent is reversed, the motion of the needle is reversed. The 
operator at the rlieotrope can thus readily make the needle 
at the distant station move any number of times either'to 
the right or to the left. The galvanometer is piaced in a 
vertical position, and the lower end of the needle is loaded, 
so that, when the current is broken, the needle quickly 
takes a vertical position. Out of the movements of the 
needle an alphabet can be readily arranged. Thus two 
movements to the left may represent a; tliree to the left, 
b; four to the left, c; one to the left and one to the right, 
d; and SO on. When the alphabet has once been agreed 
upon, the operator by means of the rheotrope can easily 
send a message, and the operator at the distant station can, 
by noticing the movements of the needle, as easily read it. 

Since this telegraph depends on the power of the current 
to turn a needle, it is called the needle telegraph. It was 
invented by Cooke and Wheatstone, and put into opera- 
tion in England in 1837. It is not used in this country, 
but is still quite extensively used in England. 

235. Resistance to the Current. — In the tangent galva- 
nometer we have a ready means of measuring the strength 
of electric currents, and we find that the dimensions and the 
material of the substances included in the cucuit exercise a 
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marked influence on the strength of the current. It is of 
the greatest importance, therefore, to ascertain the relative 
resistance of conductors of various forms and materials. 

An itistrament called the rheostat (that is, an instrument 
for maknig the utrent stead) or of unifoim strength) is 
used for this purpose It was 
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fore the first is put into the circuit. After it is introduced, 
the needle falls back in consequence of the increased resist- 
ance, and then as much of the rheostat wire is withdrawn 
from the circuit as will bring the needle back to its former 
place. The quantity thus withdrawn is shown by a scale, 
and is obviously equal in resistance to the wire introduced. 
The first wire is then removed, and the second wire is 
tested in the same way as the first. If 40 inches were 
withdrawn in the first case, and 60 inches in the second, 
the resistance offered to the current by the first wire is to 
that offered by the second as 40 is to 60 ; or, in other 
words, the foiraer is two thirds of the latter. 

By means of the rheostat it has been proved that the re- 
sistances of wires of the same material and of uniform thick- 
ness are in ike direct ratio of their lengths, and in the inverse 
ratio of the squares of their diameters. Thus a wire of a 
certain length offers twice the resistance of its half, thrice 
that of its third, and so forth. Again, wires of the same 
meta!, whose diameters are in the ratio of i, 2, 3, etc., offer 
resistances which are to each other as i, \, \, etc. There- 
fore, the longer the wire, the greater the resistance; the 
thicker the wire, the less the resistance. The same holds 
true of liquids, but not with the same exactness. The 
following, according to Becquerel, are the specific resistances 
of some of the more common substances, or the resistance 
which a wire of each, so to speak, of the same dimensions, 
offers at the temperature of 54" F. ; ~ Copper, i ; silver, .9 ; 
gold, 1.4; zinc, 3.7; tin, 6.6; iron, 7.5; lead, ir; pla- 
tinum, II. 3 ; mercury (at 57°), 50.7. For liquids the re- 
sistances are enormous compared with metals. With 
copper at 32° F. as i, the following liquids stand thus : 
saturated solution of sulphate of copper at 48°, 16,885,520; 
ditto of common salt at 56°, 2,903,538; sulphate of zinc, 
15,861,267 ; sulphuric acid, diluted to ^^ at 68°, 1,033,02a; 
nitric acid at 55', 976,000 ; distilled water at 59°, 
6,754,208,000. 
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SUMMARY. 

An instrument for breaking the current is called a rheo- 
tome; an instrument for changing the direction of the cur- 
rent, a rheotrope. (227.) 

A magnetic needle fends to place itself at right angles to 
a wire through which a current is passing. 

The direction in which a needle turns when brought 
near a wire through which a current is flowing, depends on 
the direction in which the current is passing, and upon 
whether the needle is held above, below, to the right, or to 
the left of the wire. {228.) 

One end of a magnet free to move will rotate round a 
wire through which a current is passing. The direction of 
the rotation depends upon the direction of the current, and 
upon the nature of the pole which is free to move. If the 
magnet is fixed, and the wire through which the current 
flows is free to move, the latter will rotate round the 
former ; the direction of the rotation depending upon the 
direction of the current, and upon the nature of the pole 
about which the wire rotates. {229.) 

An instrument for indicating and measuring the current 
is called a rheoscope (x galvanometer. (230.) 

When a simple needle is deflected by a current, its ten- 
dency to remain at rest, and the magnetic attraction of the 
earth, must be overcome. The latter resistance is neutral- 
ized in the astatic needle, which is therefore more sensitive 
to the action of the current than a simple needle. (231.) 

When a current passes entirely round the needle, it 
deflects the latter as much as two currents of the same 
strength and direction flowing over the needle. Hence, 
the effect of the current upon a needle is multiplied by 
coiling the wire round the needle. (230.) 



3d b, Google 



ELECTRICITV. 189 

The astatic galvanometer consists of an astatic needle with 
a coil of wire round the lower needle of the system. 

The tangent galvanometer consists of a small magnetic 
needle in the centre of a circle of thick copper wire, 

A very delicate astatic galvanometer is suitable for 
measuring very weak, currents ; a tangent galvanometer for 
measuring very strong currents. For currents of interme- 
diate strength an astatic galvanometer less delicately made 
is suitable. (232, 233.) 

A telegraph is an instrument for writing at a distance. 
Four parts are essential to every telegraph : (1.) a battery 
for generating, and (2.). a wire for conducting the current 
(3.) a sending instrument, and (4,) a receiving instru 
ment. 

The needle telegraph depends upon the power of the cur- 
rent to turn a needle. The sending instrument is a . 
trope, and the receiving instrument a galvanometer. The 
letters are indicated by the movements of the needle. 
(=34.) 

The relative resistance offered to the current by different 
conductors is measured by means of the rheostat. 

The resistances of wires of the same material and thick- 
ness are directly as their lengths, and inversely as the 
squares of their diameters. (235.) 



ELECTRO-MAGNETISM. 

236. The Current can make Iron magnetic. — If a part of 
the wire of the circuit be wound into a coil, and a piece of 
soft iron be placed inside this coil, it becomes strongly mag- 
netic while the current is passing; as may be shown by 
bringing bits of iron near the ends of the iron inside the 
coil. Such a magnet is called an electro-magnet. The coil 
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is called a helix. If the coil is a lefE-hand coll (see Figure 
68), the end at whicli the current enters the coil will be 



found by means of the magnetic needle to be the north 
pole. So that, by reversing the current, the poles of the 
electro -magnet will be reversed. If the coil is a right-iiand 



one {see Figure 6g), the end at which the current enters is 
found to be the south pole. 

When the current is broken, the soft iron instantly loses 
its magnetism, as is shown by the falling of the bits of iron 
which before clung to it. If a steel rod is used, instead of 
a soft iron one, it retains its magnetism after the current is 
broken. If the wire is wound around the iron in several 
layers, the strength of the magnet is greatly increased. 

Steel magnets are now usually made by means of the 
electric current. A short, thick coil of copper wire and a 
powerful battery are used for this purpose. A steel bar is 
inserted into the coil, and moved backwards and forwards, 
and when the middle part is a second time in the coil, the 
circuit is opened, and the bar may then he withdrawn, per- 
fectly magnetized. 

The strongest electro-magnets are of the hoiseshae 
form. They far exceed ordinary magnets in power Small 
electro-magnets have been made by Joule in Enghnd, 
which support 3500 times their own weight, and 1 large 
one was constructed by Professor Henry, of the Sniithso 
nian Institution, which supports a weight of 2500 pounds 
These raagnets are much stronger when provided with a 



3d b, Google 



ELECTRICITY. 191 

keeper, or armature, that is, a piece of soft iron which con- 
nects the two poles, as shown in Figure 70. Electro-mag- 
nets are sometimes mounted in frames 1 „ 
(see Figure 71), which is a convenient 
form for showing their strength. 

237. T!ie Wire through which a Cur 
rent is j>assin^ is a Magnet. — If the 
current be sent through a, coil such as 
is shown in Figure 72, and the end of ^ 
a rod of soft iron be brought near 1 
opening in the centre, it is at once 
drawn into the coil. Coils have been constructed powerful 
enough to draw up and sustain a weigiit of ooo pounds 





The electric current t)ien is not only able to develop 
magnetism in oft ron but the coil itself, through which 
the current is pass ng is magnetic If the wire wliich joins 
the poles of a batteiy ib brought 11 contact with fine iron- 
filmgs they adhere to the w re showing that any wire 
through which the current is flowing is magnetic. 
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338. EkdricUy as a Source of Mechanical Power. — A 
great variety of electro-magnetic machines have been con- 
structed witii a view to applying electric force to the work 
now done by steam. They all depend on the ptopeity of 
an electro-magnet instantly to acquire or to lose its magnet- 
ism on the passage or the interruption of the current ; or 
to reverse its poles when the direction of the current is 
changed. 

Page's rotating machine, shown in Figure 73, illustrates 
one method of applying the electric force to do mechanical 
Fg 73. work. It consists of a horseshoe 

magnet, in the axis of which is an 
upright shaft. On this shaft, and at 
right angles with it, is fixed a piece 
of soft iron, widi its ends facing the 
poles of the magnet. The soft iron 
is surrounded with a coil of copper 
wire, so that it is an electro -mag net. 
The ends of the wires of the coil are 
fastened to two metallic strips, which 
are so formed that each nearly half 
surrounds the shaft. These strips are 
fastened to the opposite sides of the 
shaft but scpaiated from it and from each other by a non- 
conducting substance. The current comes to the coil 
through two metallic springs, which press against the 
strips. 'When the shaft has performed half a revolution, 
the springs pass from one strip to the other, so that the 
current is made to enter the coil at the end of the wire 
opposite to that which it entered at first ; and so the poles 
of the electro- magnet are reversed. 

The machine is so arranged that, at starting, the poles 
of the two magnets facing each other are of the same kind. 
They therefore repel each other, and when the shaft is once 
started, they send it around a quarter of the way ; then un- 
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like poles begin to approach each other, and their attrac- 
tion causes the shaft to complete half of a rotation. The 
current then changes its direction tlirough the coil, the 
poles of the electro-magnet are reversed, and like poles 
again face each other and are repelled. The rotation is 
kept up by the selfacting rheotrope. Such a shaft may be 
made to rotate 2000 times a minute, causing 4000 reversals 
of polarity in that short time. The horseshoe magnet may, 
of course, be an electro-magnet ; and then engines of con- 
siderable power may be constructed. 

One of the best electro-magnetic engines is that devised 
and constructed by Froment. It is shown in Figure 74. 






It consists f 
Only four 1 1 
two above, 
of these m 
pieces of s( 
nets are a 1 
pieces of si 



tened to an iron frame. 
11 the figure there are 
vo below. The poles 
n whose rim are eight 
istances. As the mag- 
rvals, only two of the 
he poles of the magnets 
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at once. As the wheel stands in the figure, one of the 
pieces of iron is just above the magnet seen on the right, 
and another just below the magnet on the left. If now a 
current passes through the coils of these magnets, they be- 
come active, and each draws the piece of iron nearest it 
towards itself; and the wheel is thus made to turn till the 
pieces of iron are brought directly opposite the poles of the 
magnets, thus carrying the next pieces of iron very near the 
next magnet. If now the current is stopped in the first 
pair of coils, and sent through the next, the next pieces of 
iron will be drawn opposite the poles of these magnets ; 
thus carrying the wheel onward, and bringing the next 
pieces of iron near the next magnets. The current is tlien 
stopped in the magnets through which it was last sent, and 
is sent through the coils of the next, and so on. In this 
way the wheel is made to rotate rapidly. 

The current is sent through the coils in succession, by 
means of the cog-wheel seen at the end of the axis of the 
wheel. One pole of the battery is connected with this 
wheel, and the other with the arc below, which carries the 
three springs that are seen to press against the cog-wheel. 
As the wheel turns, the teeth strike the springs one after 
another, and thus close the circuit. The coils of the 
electro-magnets are connected in such a way, that every 
time a tooth touches one of the springs, the current passes 
through the coils of two magnets directly opposite each 
other. As soon as the pieces of soft iron are drawn op- 
posite the poles of these magnets, the tooth leaves this 
spring, and another tooth touches the spring which closes 
the circuit in which the coils of the next pair of magnets 
are included, and so on. 

Electro-magnetic engines have never yet been con- 
structed of above eight or ten horse-power, though there 
is apparently nothing to limit them to this low power. 
The great obstacle to the success of these engines is the 



3d b, Google 



ELECTRICITY. 



195 



expense of generating the electricity to run them. It costs 
some forty or fifty times as much to generate electric force 
as to generate the same amount of steam force. Vet, for 
certain kinds of work, where rapid motion and compara- 
tively iittle force ate required, electric engines have been 
found to answer better than small steam-engines. 

239. Foucaulfs Self-acting Rheotome. — This instrument, 
shown in Figure 75, illustrates one of the many applications 




of the electric force to doing mechanical work. It consists 
of a beam, a d, supported by a standard, C G, which acts as 
a spring. At one end of the beam there is a keeper of soft 
iron ; at the otiier end, two iron rods, which plunge into 
cups A, B, partially iilled with mercury. Under tlie iron 
keeper is an electro-magnet, D. One end of the wire of 
the helix of this magnet connects with one pole of a Bun- 
sen's cell. The other pole of this cell is connected with 
the mercury cup, B. The other end of the wire of the he- 
lix is connected with the beam by means of the standard ; 
so that the circuit of the Bunsen's cell is closed when the 
iron rod dips into the mercury, and is open when it is out 
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of the mercury. It is best to cover the mercury with alco- 
hol, which is a non-conductor. 

When the rheotorae is to be worked, the iron rod is so 
adjusted that its end is just above the surface of the mer- 
cury. That end of the beam is then depressed by tlie hand 
so as to bring the rod into the mercury. This closes the 
circuit, and renders the electro-magnet active, and the keep- 
er at the end of the beam is drawn down upon it. This 
carries the other end of the beam up and the rod out of the 
mercury, opens the circuit, and renders the electro-magnet 
inactive. The elasticity of the standard throws this end 
of the beam back and lowers the rod into the mercury, clos- 
ing tlie circuit again. Everything is now as at the first, and 
the same succession of movements is repeated indefinitely. 
This instrument is made to open and dose a second 
(i-cuit in the following manner. One pole of the battery 
of this circuit is connected with the beam, and so with the 
iron rod, which dips into the second cup of mercury. A, 
which is connected with the other pole of the battery ; so 
that this circuit is closed when the rod dips into the mer- 
cury, and open when it is out of the mercury. But if the 
point of the rod is so adjusted as to be just above the surface 
of the mercury, it is drawn out of it every time that the keeper 
is drawn down to the electro-magnet, and is plunged into it 
every time that the keeper is thrown back by the spring. 

Yig ^ 240. Electric Clocks. — The elec- 

tric force has also been used to regu- 
late the movements of clocks. The 
clocks thus regulated are called copy- 
'docks. They are of the usual con- 
struction, except that the pendulum 
balls are hollow coils of copper wire, 
so that they become magnetic when 
a current is sent through them. In 
Figure 76, J? represents a part of the 
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rod, and B the ball, of such a pendulum. Permanent m.z%- 
nets, iV"5and 5A^ are fastened against the sides of the 
clock-case opposite the ends of the coil B, with like poles 
towards the coil. The hollow of the coil, as it swings, can 
pass a little way up the length of each magnet. If the 
south polos of the magnets are turned towards the coil, as 
in the figure, and a current is sent through the wire, one 
end of the coil becomes a north pole, which is attracted 
by the magnet near it, and the other end a south pole, 
which is repelled by the magnet near it. This attraction 
and repulsion both tend to send the coil in one direction. 
If, now, at the instant that B is drawn to one side, the di- 
rection of the current is changed, the poles of the coil are 
reversed, and it is carried to the other side. The pendu- 
lum thus vibrates every time the current is reversed. This 
is done by means of a standard or regulating clock. Every 
time the pendulum of this clock vibrates, the direction of 
the current is reversed ; so that the pendulums of all the 
copying clocks vibrate exactly at the same rate as the pen- 
dulum of the regulating clock. In this way, by means of 
one accurate clock, any number of copying clocks, of the 
most ordinary construction, can be made to keep accurate 
time. 



Figure 77 shows one of the ways in which the pendulum, 
A, of the regulating clock can change the direction of the 
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current. The spring e is connected with the negative pole 
of the battery G, and the spring d with the positive pole of 
the battery F. . The other poles of these batteries are con- 
nected with the plates m and «, buried in tJie earth. S 
and C are the pendulums of the copying clocks. When the 
regulating pendulum touches the spring d, the current flows 
through tlie wire from A to B and C ; when it touches the 
spring e, the current flows first through the earth from n to 
0, and then through the wire from C to A. The permanent 
magnets connected with the pendulums B and C are not 
represented in the diagram. 

241. Morse's Ekctro-magndie Telegraph. — The telegraph 
now most extensively used, both in this country and in Eu- 
rope, is the one constructed by Morse in 1841. This tele- 
graph depends on the power of the current to develop mag- 
netism in soft iron, arid is hence called the ekdro-magnetic 
telegraph. Its importance demands a somewhat detailed 
description. 




242. The Receiving Instrument. — The essential parts of 
the receiving instrument are shown in Figure 7S. One of 
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the screw-cups at the right is connected with the line wire 
from the distant station, and the other with the earth. The 
current traverses the coils of the electro-magnet, and draws 
down the keeper and the arm of tlie lever to which it is 
attached. The other end of the lever is raised, pressing a 
steel point, or style, against a strip of paper, which is un- 
rolled from the bobbin above, and moved steadily along by 
clock-work not represented in the figure. When the cur- 
rent from the distant station is broken, the shorter arm of 
the lever is released by the electro-magnet, the longer arm 
falls back by its weight, and the style ceases to press 
against the paper. The kind of mark made upon the paper 
depends upon the time the style remains elevated. If it is 
raised for a moment only, a dot is made ; if for a longer 
time, a dash. The alphabet used is made up by the combi- 
nation of dots and dashes. The following is the usual 
Morse alphabet : — 

A.— J. S... 

E — . .. K— .— T — 

C — . — . L.--.. U..— 

D— -. . M — — V. ..— 

E . N — . W . 

F. . — . O X — ..— 

H Q . — Z~ — . . 

I.. R.— . 

The alphabet is so arranged that the letters occurring 
most frequently are most easily signalled ; thus, E is one 
dot ; T, one dash. An expert operator can transmit frOm 
thirty to forty words a minute on a land line of from zoo 
to 300 miles. 

A clerk accustomed to a Morse telegraph seldom looks 
at the paper in transcribing. The mere clicking of the 
lever becomes a language perfectly intelligible to him. He 
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need therefore look at the record only when he may have 
heard indistinctly. 

243. The Sending Instrument. — Let ws now transfer our 
attention to the distant station, to see how the current is 
transinittfid from it. The sending instrument, or iransmit- 

Fjg.j5. ting key, is shown in 

Figure 79. A hrass 
lever, //, moves on the 
axis A. It has two 
projections of platinum, 
?« and n, on its low- 
er side. These strike 
against pieces of platinum b and a, the first of which is con- 
nected with the earth-wire J?,- the second, hy the wire c, with 
one of the poles of the sending battery. When the lever 
is leit to itself, n and b are in contact under the force 
of the spring S. When the hand presses on the ebony 
handle H, contact is broken at « and b, and established at 
m and a. Besides the wires E and c already mentioned, 
tlie line-wire L, from the distant station, is connected with 
the lever, through its axis, A. When the key is in the re- 
ceiving position (that shown in the figure), the current from 
the sending station takes the route i, A, I, 7t, b, E, the re- 
cording instrument, then to earth. When H is pressed 
down, the key is in the sending position, and transmits 
the battery current by c, a, m. A, L, to the distant sta- 
tion. 

244. How two Stations are connected. — Figure 80 shows 
how two stations are connected on Morse's system. 3 
and B' are the batteries at the stations ^and S' ; k k' are the 
transmitting keys ; n «', the receiving instruments ; g^, the 
galvanometers; LL, the line-wire insulated on posts; P P, 
the earth-plates. When the key k, at the station S, which 
is here represented as the sending station, is depressed, 
the current from the battery B takes the following course. 
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From the positive pole C of the battery B, through k, to 
the galvanometer^,- then through the line Z Z to the re- 
ceiving station S' ; through the galvanometer^, the key ^, 
the coils of the receiving instrument n' ; thence to the 
earth at the plate /^, by the ground at P to the sending 
Station ; and finally to the negative pole Z of the battery B. 
At station S, b and n are out of circuit ; and at S\ ¥ and B' 
are out of circuit ; n is thrown out of circuit, because its 
coil offers a resistance equal to several miles of the line-wire. 
If it were in circuit, both registers could print at the same 
time ; but that is not necessary, one record at the receiving 
station being enough. The galvanometer ^ serves to reveal 
the currents put in circuit, and thus to show when a mes- 
sage has been transmitted. It also shows the presence of 
earth-currents on the line. If h were left to itself, and h! 
depressed, the station S would then be the sending, and S 
the receiving station ; and the connections would be ex- 
actly as shown in the figure, only at opposite stations. 

If the clerk at S wishes to telegraph to S, he depresses 
the key k several times, so as to send a series of dots and 
dashes giving the name of the station. The attention of S' 
is first arrested by the clicking of the armature of his re- 
ceiving instrument. He sends back word to 5 that he is 
ready, and the printing then begins. When both keys, k 
and li, are depressed, the whole circuit is broken ; so that 
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when sender and receiver have their hands on their respec- 
tive keys no message can be sent. One might fancy that 
confusion would arise from cross-messages ; but operators 
soon get over this inconvenience, and communicate back 
and forward with perfect facility. There is a code of 
working signals to indicate the kind of message, etc., 
besides numerous recognized contractions. To arrest the 
attention of attendants, the current is sometimes made to 
ring an alarm-bell. 

245. The Lim. — Telegraphic stations must be united 
by one insulated wire, carried either over land or under the 
sea. The insulation of land lines is insured by attaching 
the wires to insulators fixed on posts some twenty feet high. 
The posts are placed at distances of from eighty to one 
hundred and fifty yards, according to the number of wires 
they have to carry. 

Insulators are of a great variety of shapes. A very good 
form is sliown in Figure 81. A bolt of iron, I, fixed to the 
cross-beam, w, of the telegraph pole, is 
cemented into the ebonite cup or bell ee, 
which, in turn, is cemented into the porce- 
lain bell pp. The line-wire is kept fixed 
by binding-wire into the groove a. The 
electricity has thus to travel over the out- 
side and inside of both cups before it 
reaches the iron bolt, which is also coated 
with ebonite. The leakage on a long line, 
notwithstanding the best insulation, is considerable. The 
loss at each post is insignificant; but when hundreds or 
thousands are taken into account, it becomes decided, so 
that merely a fraction of the original current reaches the 
earth at the distant station. In rainy, and more especially 
in misty weather, the insulation suffers much. 

346. Submarine Lines. — A submarine line is made by a 
cable. The core of the cable consists of one wire, or a 
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strand of several wires, of copper, as pure as can be g;ot in 
the market. One solid wire is preferable to a strand of 
the same diameter in point of conducting power, but a 
strand is surer ; for, when one wire is broken at a point, 
the others still remain to conduct the current. When the 
one solid wire is broken, which may happen without its 
being visible outside, the cable becomes useless. The 
strand of wire is generally covered with a compound of 
gutta-percha and resinous substances, which fills the inter- 
stices between the wires. It is then included in one or 
more coatings of gutta-percha, then in a layer of tarred 
yarn, and finally.in a sheathingof iron wire, laid on spirally, 
to give the cable sufficient strength to withstand the strain 
of paying out, or that to which it may be subjected fiom 
the inequalities of the ocean bed. Figure bi shows the 
construction {full size) of the ]r„ e, 

Malta and Alexandria cable, 
1330 nautical miles long, and 
one of the best in operation. 
is a strand of seven copper 
wires, laid in a compound of 
gutta-percha and resins ; C, 
three layers of gutta-percha, with the same compound be 
tween them ; If, tarred yam ; and /, the eighteen wires 
constituting the sheathing. The diameter out m the sea is 
.85 of an inch. Near the shore, where it is more exposed 
to injurj', the sheathing is made much stronger. 

Considerable dispute has arisen as to the best material 
for insulating marine cables. India-rubber and gutta-per- 
cha are the two rival substances. It may be said in favor 
of gutta-percha, that not one yard of it, when laid, has de- 
cayed ; and that, under ocean pressures, as proved by the 
Atlantic cable of 1865, its insulating power decidedly im- 
proves. In favor of India-rubber it is urged that cables 
alike in other respects will, when coated with it instead of 
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gutta-percha, transmit twice as many words per minute. 
On the other hand, India-rubber has not proved so dura- 
ble, some specimens of it having become treacly after im- 
mersion for some time in tlie sea. 

247. The Earth. — One wire is quite sufficient to con- 
nect two telegraph stations, if its terminations be hiracd^ 
by two large plates sunk in the earth. The plates are gen- 
erally of copper, and should have a surface of not less tlian 
twenty square feet ; and tliey must be buried so deep that 
the earth about them never gets dry. The gas and water 
pipes in a town make an excellent earth, or earth-connec- 
tion. When the earths are good, the current passes through 
the earth between the two stations, no matter what may be 
the nature of the region it has to pass, — plain or mountain, 
sea or land. The resistance of the earth to the current, 
compared with that of a long line, is next to nothing. The 
earth serves the purpose, not only of a second wire, but of 
one so thick that its resistance may be left out of account. 
In conducting power, for equal dimensions, the earth 
stands much inferior to the wire ; but then its thickness, 
so to speak, is indefinitely greater, and hence its conduct- 
ing power, on the whole, is superior. 

248. The Relay. — It is only on short circuits, generally 
of Jess than fifty miles, that the receiving instrument is 
worked directly by the line current. On long circuits, 
direct working could only be accomplished by an enor- 
mous sending battery. The loss by leakage on the way is 
very considerable ; so that a current strong at starting be- 
comes very weak before it reaches the station to which it is 
sent. Besides, the leakage is the greater, the greater the 
number of cells employed, or the greater the tension of the 
battery. It is found a much better arrangement to work 
the receiving instrument by a local current, and to incKide 
a very delicate instrument in the line circuit, which has 
only to make or break the local circuit. Such an instru- 
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ment is called a relay, and is shown in Figure 83. The 
electro-magnet, E, of the relay is included in the line cir- 
cuit, instead of the electro-magnet of the receiving instru- 
ment. The coil is long, 
and of very fine wire ; 
and a very faint current 
is sufficient to develop 
magnetism m the core. 
The keeper, A, of the 
relay is attached to a 
lever, e^, turning on the 
axis a. When a current 
is sent through the coil, 
the lever is drawn down, and the end ^ rests on the screw 
S. When there is no current, the elasticity of the spring s 
brings it back against the screw S'. The pillars N and P 
are connected with the poles of the local battery. The 
metal spring s places the lever ee' in connection with P. 
The screw .S" and the end d of the- lever, then, are virtually 
the poles of the battery. When these are in contact, the 
local current flows, and it stops when e' is brought back 
against the insulated screw S. The receiving instrument 
is included in the local circuit. When a current comes 
from the sending station, the keeper A is attracted, d fells 
on S, the local circuit is closed, and the receiving instru- 
ment begins to print. When the current ceases, e' returns 
to 5', and the style of the receiving instrument is with- 
drawn from the paper. The effect is thus the same as if 
the line current printed, and not the local current. By this 
means, a current too weak to work the receiving instrument 
can complete the local circuit and print legibly. 

249. How several Siatisns are connected in one Circuit. — 
This is effected in three ways : (i.) by an opm circuit; (2.) 
by a closed circuit ; and {3.) by translation. In all of these, 
each station may telegraph simultaneously to all the sta- 
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tions in the circuit ; and, if the message concerns them all, 
a record may be printed at each station. When a station 
wishes to telegraph to another, it keeps signalling the name 
till the station in question signals back tliat he is ready. 
The others, finding that the message does not concern 
them, leave the two concerned in possession of the cir- 
cuit. 

The arrangement of an intermediate station in an open 
circuit is shown in Figure 84. Zj and L^ are the wires 
from the terminal stations ; R 
is the relay ; the other parts 
are the same as in Figure 80, 
The station is represented as 
receiving. The hne current 
passes through the key and the 
relay, and goes on to Zj. The 
• '^ relay sets the local battery 
and the receiving instrument 
in operation. The line current is brought into the station 
and led out without being affected. Electrically, it is die 
same as if it had gone on in the air direct from Zj to Z^. 
When the station is sending, the key is depressed. The 
current goes from C into the line Z,, is earthed at the one 
terminal station, . leaves the earth at the other, and returns 
to Z by Z3. The battery here has no earih, as at the ter- 
minal stations, the arrange nent of h ch is as in Figure 
80. An earth, however s genenllj put at each station, so 
that it may be worked as a tern al station, if required. 
R, at sending, is out of c r t According to this plan 
every station must have a batterj as strong as at the ter- 
minal stations. 

In the closed circuit, no battery is needed at the interme- 
diate station. If the battery and its connections be re- 
moved, Figure 84 gives the arrangement in a closed circuit. 
The battery may be placed only at one terminal station, or 
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it may be divided, and a half placed at each end ; both, 
however, being so arranged as to act with, not against, each 
other. The circuit is closed when no one operates, so that 
a current is constantly flowing. The keys, breaking the 
connection, stop it for the time. The relays act negatively, 
making the receiving instrument print when there is no 
line current, and rest when it flows. If S', in the relay 
(Figure 83), were uninsulated, and S insulated, it would act 
in a closed circuit. The advantage of the closed circuit is, 
that the batteries, which require considerable attention, are 
confined to the terminal stations, where they can be best 
cared for. Besides, little or no adjustment is required for 
the relays. All the relays are in circuit at once. 

Open and closed circuits are used on lines where a num- 
ber of smaller towns are joined together, the business of 
all of them being no more than sufficient to keep the line 
working. They are for short distances, seldom more than 
200 or 300 miles. 

When two stations, say 500 miles apart, are to be con- 
nected by telegraph, it is seldom done by a direct line, but 
by transmitting to a half-way station, and thence to the ter- 
minal one. This method is called translatmt. It is effected 
by making the lever of the re- pig. sj, 

ceiviog instrument act as a re- 
lay m transmitting the me'^sige 
to the next station Figuie ^5 
shows ho« thif ma\ h done 
The cutient Ci irom the send — \ 

ing station, enters the coil M \""" "^ 

of the receiiing instrument ^ ^J^ ^ 

and goes thence to eat th at 7", c^ r^ c 

and returns as 'ihown bj the arrow C, The instrumti t 
may print or not according to the message but its djing 
so or not interferes m no way with the tianslation The 
copper pole C of the battery is connected with the leitr/^ 
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of the receiving instrument, and the zinc pole with the 
earth. When the lever is drawn down by the current Ci, 
it strikes against the point at the top of the pillar/, which 
checks its motion. This pillar is joined to the line Zj, 
running to the farther station, and when the lever falls, a 
second circuit — namely, that of the battery — is closed, 
in which C, die lever, the pillar, L^, the farther station, 
the earth, P, and Z are all included. Thus as // prints 
at the intermediate station, it at the same time sends a 
new printing current to the next. When it ceases to print, 
the printing ceases at the distant station. 

At the shore ends of submarine cables there is always 
a translating apparatus. This allows the cable to be worked 
by a battery suited to it, without loss of time in making it 
a special circuit. 

250. The Combination Printing Telegraph. — The Morse 
recording instrument, as we have seen, writes by means of 
dots and dashes. An instrument has been invented by Mr. 
Royal E. House, a native of Vermont, which records the 
message in plain Roman letters. This telegraph Is known 
as House's Printing Telegraph, and was patented in 1S4S. 
It has been found to work well, and has been used on 
many lines. 

In 1855, Mn David E. Hughes of Kentucky, after ten 
years of persevering labor, produced a printing telegraph 
on a new principle, simpler in construction and capable of 
working upon long circuits. In this telegraph each electric 
impulse sent over the wire prints a letter, while the House 
instrument requires on an average seven impulses for each 
letter, and the Morse an average of three and a half im- 
pulses. 

Both of these printing telegraphs have now been in great 
measure superseded by the Combination Telegraph devised 
by Mr. Phelps of Troy, N. Y. This instrument, as its name 
indicates, is a combination of the principles of the two pre- 
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ceding telegraphs, with certain improvements, originated 
by Mr. Phelps. It is very simple in principle and rapid in 
action, and is likely soon to supersede even the Morse 
telegraph. 

The sending instrument is a rheotome of peculiar con- 
struction, somewhat resembling a piano in outward appear- 
ance. On the key-board are twenty-eight keys, upon which 
are printed the twenty-six letters of the alphabet, a dot, 
and a dash. Near the key-board is a brass cylinder. On 
each key diere is a peg, and in the cylinder there are 
twenty-eight cavities, one for the peg of each key, so ar- 
ranged that each peg can enter its own cavity and no 
other. The cavities are arranged spirally around the cyl- 
inder, so that each cavity is ^'b of the circumference of the 
cylinder behind the preceding one. The cavity is so formed 
that the pei^ of the key on enterintf it is carried a little to 
ti I f i I pi I If 11 h k y 

wdpd h Id bid 

t} I 111 f 

h Id Ifky hb ftl plb 

d 1 1 111 Ip Idkpl 

pddg h Id bid 

1 ! lb II lib 

1 f h If By f h 

h can bldwihgrp fid 

n 1 

Ah gta h mild II 11 

yp h I Id fllajyi f ty 

ixl did dllrrgd ql 

al By h I f h >p h 1 1 ttl p j 

large enougli to take off one letter from the type-wheel. 
This press ;s forced against the type-wheel by machinery. 
When this machinery is at rest, the press is thrown back 
from the type-v^heel by a spring. A strip of paper is car- 
ried along between the type-wheel and the press at such a 
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rate that it advances the width of a letler every time the 
press is pushed against the wheel. 

The t}'pe-wheel and press are moved by cloclc-work, as 
is also the printing cylinder at the sending station. The 
clock-work at each station is regulated by the vibrations of 
springs which are capable of vibrating the same number of 
times a minute. By this means the printing cylinder and 
the tj-pc-wheel are made to move at exactly the same rate. 
The two instruments are so set that the letter A on the 
type-wheel is opposite the press at the same instant that 
the cavity in the printing-cylinder corresponding to that 
letter is under the peg of its key. If the key were de- 
pressed at this instant, the circuit would be closed, an 
electric impulse would be transmitted, and, in passing 
through the coil of the electro-magnet at the receiving 
station, would render it active and cause it to draw down 
its keeper. To this keeper is attached a detmi, or catch, 
which arrests the motion of the machinery that works the 
press. When the keeper is drawn down by the magnet, 
this detent is withdrawn, the press is driven forward, and 
the letter opposite is printed on the paper. When the 
circuit is again opened, the keeper is thrown back by means 
of a spring, the detent replaced, and the press removed 
from the type-wheel by the spring arranged for that pur- 
pose. Since both the type-wheel and the cylinder rotate 
at the same rate, it is evident that, when the peg of any 
key enters its cavity, the letter of that key will be printed 
at the receiving station Every time the circuit is closed 
— that IS, e\cry time a key is depressed — the detent is 
withdrawn fiom the wheel that moves the press, and a let- 
ter IS printed on the paper The type-wheel rotates at the 
rate of about one hundied and twenty times a minute. 
The ordinary speed of this instrument is two thousand 
words ■\n hour, which is ibout twice as fast as the Morse 
can w ork 
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251. The Telegraphic Fire-Alarm. — The electric tele- 
graph is now extensively used for indicating the locaJitj' of 
fires in cities. , In various parts of the city are small iron 
boxes called signal-boxes. In Boston there are some sev- 
enty-five of these boxes. They are ali numbered, and con- 
nected with a central station by means of wires. By turn- 
ing a crank which is found inside the signal-box, the circuit 
is opened and closed in such a way as to teJegraph to the 
central station the number of the box. When, therefore, 
a fire occurs in the neighborhood of any box, the box is 
opened, the crank turned, and the number of the bos tele- 
graphed to the central station. This station is also con- 
nected by wire ciraiits with several bells in different parts 
of the city, and the operator, by means of the electric 
force, rings on these bells the number of the box near 
which the fire is, so that the firemen know at once almost 
the exact locality to which they must go. 

The hammers which strike the bells are worked by 
weights, the machinery being similar to that of the striking 
apparatus in an ordinary turret clock. The train of wheels 
is kept from moving by a detent, or catch. When the 
current passes, it develops magnetism in an electro -magnet, 
which attracts a keeper in front of it. This keeper sup- 
ports a small lever poised nearly vertically, and weighted 
with a little ball near its upper end. This Jever is tripped 
by the withdrawal of the keeper, and in falling acquires 
sufficient force to strike up the detent The machinery is 
thus set in motion, and the hammer strikes the bell. A 
single blow of the hammer follows each electrical impulse, 
and the motion of the machinery raises the lever again to 
its place, and poises it on the keeper ready to be tripped 
for another blow. If the number of the box is ten or less, 
it is indicated by a corresponding number of strokes on the 
bell. If above ten, the digits of the number are indicated 
by striking the numbers corresponding to tltem with a short 
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pause between. Thus to strike the number 25, two blows 
would be given, and then after a pause five more. Num- 
bers containing ciphers and those made up of figures re- 
peated, as 22, 55, etc., are not used for the signal-boxes. 



SUMMARY. 

The wire through which a current flows is magnetic. 

This magnetism appears much stronger when the wire is 
bent into a coil, or helix. 

When a piece of soft iron is placed inside a coil and a 
current sent through the wire, magnetism is developed in 
the iron. A magnet made in this way is called an electro- 
magnet. 

In a left-handed helix, the end of the iron where the cur- 
rent enters the helix becomes a north pole, and the end 
where it leaves the helix a south pole. In a right-handed 
heiix, it is just the reverse. 

If the core of an electro-magnet is of soft iron, the mag- 
netism can be destroyed by breaking the current, and the 
poles can be reversed by changing the direction of the 
current. If the core is of steel, it retains its magnetism 
permanently. Steel magnets are now usually made by 
means of the current. 

Electro-magnets are usually of the horseshoe form. 
They are much stronger than other magnets. (236, 237.) 

Page's Rotating Apparatus depends in its action on the 
fact that like poles of magnets repel and unlike poles at- 
tract each other ; and that the poles of an electro-magnet 
can be reversed by changing the direction of the current. 
It illustrates one of the ways in which tlie electric force 
may be made to do mechanical work. 

In Foucault's Rheotome the current of a battery is made 
to open and close its own circuit and also the circuit of a 
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secxmd battery. Every time the circuit is thus closed and 
opened, magnetism is developed and destroyed in an elec- 
tro-magnet, and by this means the electric force is made to 
k b n Th' ' t t then, illustrates another 

d f pi g 1 t tj motive power, (239.) 

Th 1 f 1 lb used for regulating the 

m t f 1 k Th p 1 1 of the regulating clock 

m d t pi y th p t f If-acting rheotrope. The 

p d 1 m b U t h p> g lock is a helix with simi- 
! p 1 t p t t facing it on each side, 

Tl th p d 1 m m d t brate every time the dt- 

t ft! t h g 1 that is, as often as the 

git p d 1 b t (40.) 

M T 1 g pi d p 1 the power of the current 

t d 1 p g t d 1 n is called an ekctro-iimg- 

netic telegraph. (241.) 

The main battery is made to work a relay magnet, and 
a local battery to work the receiving instrument. By 
means of the relay magnet the operator can open and close 
the circuit of the local battery at a distance. {248.) 

The Combination Printing Telegraph also depends on 
the power of the current to develop magnetism, and is, 
therefore, another form of electro-magnetic telegraph. The 
composing cylinder, type-wheel, and press are all driven 
by clock-work, the current being used only to remove the 
detent at the proper time to cause the press to print the 
required letter. (250.) 

The Electric Fire-Alarm is another form of the electro- 
magnetic telegraph. The number of the signal-box near 
which the lire breaks out is telegraphed to the central sta- 
tion by turning a crank inside the box. The number of 
the box is then rung upon bells in various parts of the city 
by means of clock-work which is set in motion by electro- 
magnets. These magnets are included in a circuit which 
can be closed at tlie central station. {251.) 
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252. We have already seen that water and muriatic acid 
may be decomposed by the electric current {47, 60). The 
decomposition of a substance by electricity is called elec- 
trolysis. The literal meaning of the word is loosening by 
electricity. The substance decomposed by the electricity 
is called the electrolyte. The terminations of the metallic 
conductors through which the current passes into and out 
of the electrolyte are called electrodes {roads of dectricity). 
That through which the electricity passes into the electro- 
lyte is termed the anode {road uj>), and that through which 
the current passes out is termed the cathode {road down). 
The electrolyte is always decomposed into two parts, one 
of which appears at the anode and the other at the cathode. 
The former is called the anion {going up, or to the anode); 
the latter, the cation {going down, or to the cathode). 

Thus in the experiment (47) of decomposing water in 
the U-tiibe, the water would be called the electrolyte; the 
decomposition of the water, electrolysis : the pieces of pla- 
tinum connected with the battery, electrodes; the one con- 
nected vvith the positive pole, the anode ; the one connected 
with the negative pole, the cathode ; the oxygen which ap- 
pears at the anode, the anion ; and the hydrogen which 
appears at the cathode, the cation. 

In the electrolysis of muriatic acid (60), chlorine is the 
anion, and hydrogen the cation. 

Every chemical compound which is a conductor of elec- 
tricity is an electrolyte when it is in the liquid state. 
Solid compounds are not decomposed by the current. 

353. The Electrolysis of Sulphate of Copper. — If two 
electrodes of platinum are introduced into a solution of 
sulphate of copper (see Figure 86), bubbles of gas rise 
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from the anode. This gas may be collected by filling a 
test-tube with the solution of sulphate of copper, and in- 
verting it over the anode. On testing the p. ^^ 
gas, it is found to be oxygen. On removing 
the cathode from the solution, it is found to 
be coated with copper. If one of the elec- 
trodes be of platinum and the other of cop- 
per, and the platinum be made the anode, 
the same results are obtained. If, however, 
the copper be made the anode, the cathode 
is still coated with copper, but no gas escapes from the 
anode. 

The most probable explanation of the above facts is as 
follows. 

The electric current decomposes the sulphate of copper 
into copper and SOj. This action may be expressed by 
an equation thus : — 

cu&e^ = -eu -4- se^. 

Copper, appearing at the cathode, is the cation ; and SO4, 
appearing at the anode, is the anion. 

When the anode is platinum, the anion acts upon the 
water of the solution, uniting with its hydrogen and setting 
its oxygen free, 
Ha0 4- S&4 = HaSO, (hydrate of sulphuric acid) + O. 
So that the escape of the oxygen gas in this case is due to 
a secondary action, which is purely chemical. 

When the anode is of copper, the anion, instead of act- 
ing upon the water, acts upon the anode itself. 

■eu+&ei=-ensej. 

Hence no oxygen escapes in this case, but sulphate of 
copper is formed as rapidly as it is decomposed ; so that the 
solution always remains of the same strength. The anode 
is gradually eaten away and transferred to the cathode. 
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254- Electrolysis of the Cyanides of Stiver and of Gold. — 
Analogous action takes place when the cyanide of silver or 
of gold (loo, 115) is the electrolyte. 

AgCy=Ag (cation) + Cy (anion). 
But ivhen the anode is platinum, 

H2O + 2 Cy = 2 HCy + O ; 
and when tlie anode is silver, 

Ag + Cy:=AgCy. 
In like manner, 

AuCys = Au (cation) + Cy^ (anion). 

But when the anode is platinum, 

3 Hj^ + 6Cy = 6 HCy + Os ; 

and when the anode is gold, 

Au -\- Cys = AuCyj. 

When any compound containing a metal is decomposed 
by electricity, the metal always appears at the cathode ; 
and if the anode is of the same metal, the solution always 
remains of the same strength, while the anode is gradually 
transferred to the cathode. 

255. Mledrotyping. — When the solution of the sulphate 
of copper is decomposed slowly, the copper is deposited 
on the cathode in a coherent mass, which may be stripped 
off when it has become sufficiently thick. The sheet of 
copper stripped off is found to present a perfect reverse 
image of the face of the cathode, the faintest lines being 
copied with perfect distinctness. If this reverse image be 
now made the cathode, and another sheet of copper be 
deposited upon it, an exact copy of the original electrode 
is obtained. Any conducting substance, of whatever size 
and shape, may be made a cathode by simply connecting 
it with the negative pole of the battery. Hence coins, 
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medals, and engraved plates may be copied with perfect 
accuracy, and with but slight trouble and expense. 

This process of copying by means of electricity is called 
ekctrotyping. 

The face of a medal may be copied by making it the 
cathode and depositing a sheet of copper upon it, and 
then depositing another sheet of copper upon this sheet 
after it has been separated from the medal. In practice, 
however, a mould of the thing to be copied is iirst taken 
in some soft substance, such as plaster, gutta-percha, or 
wax, and this mould is made the cathode. If tJie mould 
is made of non-conducting material, as is usually the case, 
its surface must be covered with some conducting sub- 
stance. The best materia! for this purpose is powdered 
graphite. The surface of the mould may be covered by 
means of a hair-brusli with a film of graphite sufficient to 
make it a conductor, without obliterating the finest lines. 

This copying by electricity is of the greatest importance 
in the arts. One of its chief uses is in copying printer's 
type after it has been set up, and in copying wood engrav- 
ings. An impression is taken of the type or of the engrav- 
ing in wax. This wax is then brushed over with powdered 
graphite, and made the cathode ; the electrolyte is sulphate 
of copper, and the anode a piece of copper. 

A large bath is used (see Figure 87), so that several 
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pieces may be electrotyped at the same time. Tliese are 
all hung by wires to a metallic rod wliich is comiected with 
the negative pole of the battery. Upon another metallic 
rod pieces of copper are hung opposite to the pieces to be 

A separate battery for generating the electricity is not 
absolutely necessary, tliough usually employed. The elec- 
tric current may be generated in the bath itself. The 
object to be coated may be made to serve as one of the 
plates of the battery, and a piece of zinc as the other, 
the wire connecting the two being coated with insulating 
varnish. 

256. Ekdro-plaiing. — This is the art of coating the baser 
metals widi silver by the electric current. Articles to be 
electro-plated are generally made of brass, bronze, copper, 
or nickel silver, this last being the best material. Britannia 
metal, iron, zinc, and lead must be first electro-coppered, 
.n order to be electro-plated, as silver does not adhere to 
:he bare surfaces of these metals. 

The articles to be plated are first boiled in caustic pot- 
ash to remove any grease adhering to them ; they are then 
immersed in dilute nitric acid to dissolve any rust or oxide 
:hat may have formed upon them ; and lastly they are 
scoured with fine sand. Before being put into the silver- 
ig bath they are washed with nitrate of mercury, which 
aves a thin film of mercury upon them, and this acts as 
a cement between the article and the silver. The bath is 
a large trough of earthenware or other non-conducting sub- 
stance. It contains a weak solution of cyanide of silver in 
cyanide of potassium (water, loo parts ; cyanide of potas- 
sium, 10 parts ; cyanide of silver, i part). A plate of 
silver forms the anode ; and the articles to be plated, 
hung by wires to a metal rod lying across the trough, 
constitute the cathode. When the former is connected 
with the positive pole of a battery, and the latter with the 
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negative pole, the silver of the cyanide begins to deposit 
itself on the suspended articles, and the cyanogen, set free 
at the plate, dissolves it, forming cyanide of silver. The 
reaction has already been explained (254)- The thickness 
of the plating depends on the length of time the articles 
are immersed. The dull white appearance which they 
have when first taken from the bath is removed by polish- 
ing and burnishing. 

257. Ekdro-gilding. — This process is essentially the 
same as electroplating, except that the articles are coated 
with gold instead of silver. The electrolyte in this case is 
the cyanide or some other salt of gold, and the, anode is a 
lump of gold. If it is not intended to gild the whole sur- 
face of the article, the parts not to be gilded must he 
coated with some non-conducting substance. 

258. Electro-metallurgy. — Many other metals besides 
copper, silver, and gold may be deposited by electrolysis. 
The art of depositing, by electro- chemical action, a metal 
on any surface prepared to receive it, is called electro- 
metallurgy. All processes of the kind may be classified 
in two divisions, one of which is illustrated by electro- 
typing, and the other by electro-plating. The former in- 
cludes all those cases in which the coating of metal has 
to be' removed from the surface on which it is deposited ; 

. and the latter all cases where the coating remains perma- 
nently fixed. Gold, platinum, silver, copper, zinc, tin, 
lead, cobalt, and nickel can be deposited by electrolysis. 

259. Baitis Electro-chemical TeU^aph. — In 1846 Alex- 
ander Bain, of Edinburgh, constructed a telegraph which 
depends on the power of the electric current to decompose 
chemical compounds, and which is therefore called the eke- 
tro-cfiemkal telegraph. 

When prussiate of potash is decomposed by the current, 
it is separated into prussic acid, which appears at the 
anode, and potash, which appears at the cathode. If the 



3d b, Google 



220 ELECTRICITY. 

anode is of iron, the pnissic acid acts upon it and forms 
the prussiate of iron, which is a blue salt. 

If a sheet of common writing-paper be soaked in a solu- 
tion consisting of six parts of prussiate of potash dissolved 
in water, two parts of nitric acid, and two of ammonia, the 
solution will scarcely color the paper. If now the paper, 
while stil! moist, be spread upon a metalhc plate, which is 
connected with the negative pole of the battery, and an 
iron point connected with the positive pole be drawn over 
the paper, it will make a blue mark. If the point be dis- 
connected with the battery, and then drawn over the paper, 
it wiii leave no mark. If a rheotome be introduced into 
the circuit between the iron point and the battery, and the 
paper be made to move uniformly under the iron point, a 
blue mark will be made on the paper while the current is 
flowing. If the current is on but an instant, a dot will be 
made ; if for a longer time, a dash. Out of these dots 
and dashes an alphabet may be arranged, as we have 
already seen {242). 

In the electro-chemical telegraph the sending instrument 
is a simple rheotome, like the one used with the Morse 
telegraph. {See Figure 79 and the accompanying descrip- 
tion.) 

The receiving instrument also is similar in its general 
construction to that of the Morse telegraph. The pre- 
pared paper is carried along by clock-work under the iron 
point, which marks it witit dots and dashes, in the man- 
ner already described. 

260. The Voltameter. — This instrument was invented by 
Faraday for testing the strength of a current. It is shown 
in Figure 88. Two platinum plates, each about half a 
square inch in size, are placed in a bottle containing water 
acidulated with sulphuric acid ; the plates are soldered to 
wires which pass up through the cork of the bottle and 
terminate in binding screws; a glass tube fixed into the 
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cork sen'es to discharge the gas formed within. When 
the binding screws are connected with the poles of a bat- 
tery, the water in the 
bottle begins to be de 
composed, and h}diogen 
and oxygen are set fieL 
If now the outer end ot 
the dischargmg tube be 
placed in a trough of 
mercury, and a small 
graduated bell glass like 
wise filled willi mercurj 
be placed over it the 

combined gises nse into the bell glass Tht quantity of 
gas given off m a gut.n time mt isures the strength if th air 
rent. The unit current may be tal.en as one whiLh is 
capable of setting free one cubic centimette of gas per 
minute. 




SUMMARY. 

The electric current has pow-er to decompose certain 
chemical compounds. These compounds must be in the 
liquid state, and must of course be conductors of electricity. 
Decomposition by means of the current is called electrolysis; 
the substance decomposed is the eledrolyte; the conductors 
through which the current enters and leaves the liquid are 
the electrodes, the former being the anode and the latter the 
cathode i and the parts into which the electrolyte is sepa- 
rated, the anion and the cation. (252.) 

When the electrolyte contains a metal this is always the 
cation, and is often deposited upon the cathode. Advan- 
tage is taken of this fact in electrotyping, electro-plating, 
and electro-gilding. (253-257.) 
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In electrotyping the metal deposited on the cathode is 
afterwards removed ; in electro -plating and electro-gilding 
it is made to adhere permanently to the surface on which 
it is deposited. (258.) 

Electrolysis is usually attended by a secondary action of 
a purely chemical nature. (253.) 

The marks made on the prepared paper by Bain's tele- 
graph are the results of electrolysis, or rather of the second- 
ary action attending electrolysis. Hence this telegraph is 
an electro-chemical telegraph. (259.) 

In the voltameter, electrolysis is applied to the measure- 
ment of the strength of currents. {260.) 



THE POWER OF THE CURRENT TO DEVELOP 
HEAT AND LIGHT. 

261. Heat developed hy the Current. — When a current 
passes through fine wire, an intense heat is produced, suf- 
ficient in some cases to bring them to a white heat, and 
even to fuse platinum wire. Experiments 
Fig. B9- upon the heating effects of the current may be 

made by the apparatus shoiivn in Figure 89. 
The bottle is filled with alcohol, which is a 
non-conductor. The thick wires n and/ are 
connected with a battery, and within the bot- 
tle they are joined with a fine spiral wire, 
surrounding the bulb of a delicate thermom- 
eter, t. When the circuit is closed, the heat 
developed is communicated to the alcohol, 
and thus to the thermometer. It is found 
kept the same, or of the same resistance, 
proportion to the square of the strength of 
Thus if a current of a certain strength raise 
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the thermometer i° in a minute, a current of twice the 
strength will raise it 4° in a minute. 

Again, if by means of a rheostat (335) the strength of the 
curretit be kept at the same point, and wires of different 
resistance be put into the bottle, the heat developed is in 
proportion to tlie resistance of the wire. Thus, if with a 
wire of a certain resistance the tiiermometer be raised 1° 
per minute, it will be raised 2° per minute with a wire of 
double the resistance. 

Hence the heat developed in a conducting wire by an elec- 
tric current is proportional to the squares of the strengths of tlie 
current, and to the resistance offered by the wire. 

A very pretty illustration of the fact that the heat is pro- 
portional to tlie resistance is furnished by a chain, the 
alternate links of which are made of silver and platinum. 
When a current of sufficient strength is sent through the 
chain, the silver links remain black, while the platinum 
links become red-hot 

262. TJu Current may he used to explode Gunpowder at a 
Distance. — The power of the current to ignite fine wires 
of comparatively bad conducting metals, such as steel and 
platinum, is applied to Uie exploding of gunpowder at a 
distance. The current is transmitted to the point where 
the explosion is to take place by good conducting ^^.^ 
wires, and the fine wire is made to connect the 
ends of these wires in the gunpowder. A form of 
cartridge used for the purpose is shown in Figure 
90, A tin tube Is filled with gunpowder and 
stopped with a cork at each end. Two copper 
wires, insulated by being wound with woollen 
yarn, pass through one of the corks, and are con- 
nected within the tube by a fine steel wire sol- 
dered to each of them. When the current is sent 
through the wires, the explosion immediately fol- 
lows. The fine steel wive is burnt away by the current. 
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but tlie copper wires are ■uninjured, and ready to be fitted 
up as before. Such cartridges are extensively used in 
blasting and mining. In long circuits the eardi may serve 
as the return wire, as in the electric telegraph, 

263. The Electric Light. — When the ends of two wires 
which form the poles of a powerful battery are made to 
touch, and then are separated for a short distance, the 
current does not cease with the separation, but forces its 
way through tlie intervening air, with an intense evolution 
of light and heat. The heat is sufficient to melt the most 
refractory metals, and therefore some substance rivalling 
the metals in conducting power, but much more infusible, 
must be found to act as the poles under such circumstan- 
ces. The various forms of carbon are well suited to this 
purpose ; but the best, both for conducting power and dura- 
bility, is the coke formed in the retorts in the distillation 
of coal-gas. Figure 91 represents a simple arrangement 
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the other. The positive pole is the brightest and hottest, 
as is shown by tiie fact tliat, on intercepting the current, it 
continues to glow for some time after the negative pole has 
become dark. 

While the light is kept up, a visible change takes place 
in the condition of the poles. The positive pole suffers a 
loss of matter ; particles of carbon pass from it to the 
negative pole, which they partly reach, and partly are 
burned by the oxygen of the air on the way. The same 
takes place, though to a much less extent, with the nega- 
tive pole. The positive pole becomes hollowed or blunted, 
and the negative remains pointed. This passage of mat- 
ter between the poles accounts for the passing of the cur- 
rent through the air, as thereby a conducting medium 
extends between the poles. 

The heat of this arch of flame, or voltaic arc, as it is 
called, is the most intense that can be produced. Plati- 
num melts in it like wax in the flame of a candle. Quartz, 
the sapphire, magnesia, lime, and other substances equally 
refractory, are readily fused by it. The diamond becomes 
white hot, swells up, fuses, and is reduced to a black mass 
resembling coke. 

The electric light is caused, not by the combustion of 
the carbon, but by its incandescence. The light can con- 
sequently be produced in a vacuum, and below the surface 
of water, oils, and other non-conducting liquids. It is thus 
quite independent of the action of the air. 

With a batteiy of some fifty Bunsen's elements, a light 
is produced of very great brilliancy ; but when very great 
power is to be obtained, twice or thrice that number must 
be employed. 

264. Electric Lamps. — Various arrangements have been 
invented for giving steadiness to the electric light by keep- 
ing the carbon points within such a distance of each other 
that the current can pass between them. Foucault, aided 
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by Duboscq, was the first {1849) to construct an electric 
lamp of this description. In it, by aid partly of an electro- 
magnet, and partly of clock-work, the two points are made 
to travel towards each at rates corresponding to those of 
their combustion, ihe positive pole moving faster than the 
negative. A detent is fixed to the keeper of the electro- 
magnet which stops the clock-work when the keeper is 
drawn to the magnet, and starts it when the keeper is re- 
leased. A spring carries the keeper away from the magnet 
when the current does not circulate or becomes very weak. 
Thus, when the carbon-points waste away and separate 
from each other, the current is weakened, and when it gets 
so weak as to impair the splendor of the light, the spring 
carries away the keeper and thereby starts the clock-work. 
The points now approach each other until the current be- 
comes strong enough to cause the magnet to draw the 
keeper to itself and stop the ciock-work. The points are 
thus kept at just the distance for producing the most bril- 
liant light. 

The electric light has not yet been used successfully for 
lighting streets and public places. One diiSculty is found 
in the uncertainty of the light and the care attending its 
use. By means of the electric lamp just described the 
light may be continued for hours, but even then it is not 
perfectly steady, and the apparatus cannot be safely left 
without an attendant. Another difficulty arises from the 
striking and unpleasant contrast of light and shadow ac- 
companying it, rendering, as it were, the surrounding gloom 
as manifest as the brightness of the light itself. It has, 
however, been used with excellent etfect where a limited 
space had to be lit up for a few nights, as in the construc- 
tion of bridges and the like. It has also been applied 
with success to light-house illumination. The light-house 
at Dungeness, on the coast of Kent, England, has been 
lit up with it since 1S62, and that at La Heve, near Havre, 
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since 1863. It has been found from these that the power 
of the electric hglit to penetrate fogs is immensely superior 
to that of the usual oil light. 

265. The Electro-thermal Teleg^raph. — If a fine platinum 
wire introduced into the circuit be bent, and a piece of 
paper be drawn over the point while the current is passing, 
a line will be burned in the paper. If the paper is drawn 
along at a uniform rate by means of clock-work, and the 
point rests upon the paper, a dot will be burned into it 
when the current passes but an instant ; and a dash when 
it passes for a longer time. Out of these dots and dashes 
an alphabet may be made similar to that devised by Morse 
(242). Hence we see that a telegraph can be constructed 
depending on the power of the current to develop heat. 
Such a telegraph has been invented by Home, and is 
called the electro-thermal (that is electric-heat) telegraph. It 
cannot, however, be worked without a local battery and a 
relay magnet (248). These are specified in Morse's patent 
as his invention ; and the instrument cannot therefore be 
worked without the permission of the owners of that pa- 
tent. It has no point of superiority over the Morse tele- 
graph, and, as it cannot be vised as a substitute, it has 
never been put into practical operation. 



SUMMARY. 

When the current passes through a conductor, heat is 
developed. When the conductor is a fine wire, the heat 
often becomes very intense. The heat is found to be pro- 
portional to the square of the strength of the current, and 
to the resistance offered by the conductor. {261.) 

By introducing a poor conductor into any part of the 
circuit, heat may be developed at that point. Advantage 
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is taken of this fact in blasting under water and at a dis- 
tance. The circuit is completed through the gunpowder 
by means of a very fine wire, which becomes intensely 
heated when the current passes, and thus ignites the pow- 
der. (262.) 

Advantage is taken of the same fact in the development 
of the electric light. Carbon points are introduced into 
the circuit, and after the current begins to pass they are 
separated a little way, and the space between tliera be- 
comes filled with carbon particles. These constitute an 
imperfect conductor, and the resistance encountered by the 
current in passing through it develops intense heat and 
light. (263, 264.) 

The power of the current to develop heat has been ap- 
plied to telegraphy in the invention of the ekdro-thermal 
telegraph. (265.) 



VOLTAIC ELECTRICITY. 

266. We, have found that an electric current can be 
obtained by connecting the two poles of a battery by 
means of a copper wire or other conductor. (222.) 

What now is the origin of this electric force ? 

In seeking an answer to this question, it is desirable to 
have a simpler battery than the one already described. If 
a strip of amalgamated zinc* {zinc which has been im- 
mersed in mercury) and another of copper are placed in a 
cup of dilute sulphuric add, and the two strips are joined 
by means of a copper wire (see Figure 92), a current is 
obtained. We have here a battery of very simple con- 
struction, consisting of only one liquid and two metals. 
So long as the plates are unconnected by the wire, they 
• See Appendix, 32. 
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are unaffected. The moment they are connected, bubbles 
of hydrogen gas appear in abundance at the copper plate. 
If the connection continues for some 
time, and the plates and the liquid are 
then examined, the copper plate is found 
to weigh exactly the same as at first ; 
while the zinc plate weighs less, and 
the liquid is found to contain sulphate 
of zinc in solution. If dilute sulphuric 
acid were put into a glass vessel, and 
a current sent through it, the acid would 
be decomposed into hydrogen and SO4; 
and if the anode were of zinc, the SOi 
would unite with it, forming sulphate of 
zinc. We thus see that the action inside the cell is a case 
of electrolysis attended by the usual secondary action (253). 
If the plates are so arranged as to be in the plane of the 
meridian, and a small magnetic needle is held near the 
surface of the liquid when the plates are connected, the 
needle will be deflected in such a manner as to show that 
a current is passing through the liquid from the zinc to the 
copper. If the same needle is held over the wire which 
connects the plates, it is deflected in the opposite direc- 
tion, showing that the current is passing through the wire 
from the copper to the zinc. 

Two plates connected as above described constitute a 
galvanic or voltaic pair. 

267. The Contact Theory and the Chemical Tlieory. — 
Since the current appears only when the wires from the 
two plates are brought in contact, many scientific men 
hold that the electric current has its origin in the contact 
of dissimilar metals, and that the chemical action is the 
result of the current thus originated. This theory is 
known as the contact theory. 

But an electric current can be developed in a voltaic 
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pair without contact of dissimilar metals. This may be 
proved by the simple experiment shown in Figure 93. z is 
a plate of zinc bent at right angles ; A ^ P^^" 
tinum plate, to which a platinum wire is at- 
tached. At <! a small piece of blotting-paper, 
moistened with a solution of starch and iodide 
of potassium, is placed between the plate of 
zinc which supports it and the platinum wire 
which rests upon it. No change occurs in 
the solution of the iodide until the plates are 
iramcrsed in dilute nitric acid ; but very soon 
after they are thus immersed, evidence of a current in the 
direction of the arrow is afforded by the appearance of a 
blue phi hi paper. The iodide 

of p d 1 d by h Itaic action, and the 

d 11 1 f he blue compound. 

O 1 h d h h m al action there is no 

L b d with one extremity 

f g 1 f m d bility, and a platinum 

w 1 h m tj Im rse the ends of the 

w d 1 1 out allowing them to 

toucli each other in the liquid; and there will be no chemi- 
cal action upon the iron, and no movement of the magnetic 
needle. But the addition of a little water will cause a rapid 
solution of the iron in the acid, and the needle, the mo- 
ment the chemical action begins, will be strongly deflected. 
Again, let two glass vessels be filled with sulphide of 
potassium. Put two platinum plates into one, and a plati- 
num and an iron plate into the other. Connect one of the 
platinum plates in each vessel with a galvanometer. To 
the other platinum plate attach a platinum wire, and to the 
iron plate an iron wire. The sulphide of potassium is a 
conductor of electricity, but is chemically inactive when as- 
sociated with iron and platinum in a circuit. When the pla- 
tinum and iron wires are joined, if the electric force were 
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developed by tlieir contact, a current would be generated, 
since we have all the conditions necessary for a circuit. But 
the galvanometer gives not the slightest evidence of a cur- 
rent. If zinc be interposed between the ends of the plati- 
num and iron wire, the result is the same ; but if a piece 
of paper moistened with sulphuric acid be placed between 
the ends of the wires, the needle is deflected at once. We 
have here conclusive evidence that the simple contact of 
the iron and the platinum does not develop electric force, 
and that this is developed only by the chemical action of 
the acid upon the iron. 

Into a glass vessel containing sulphide of potassium put 
two plates, one of copper and the other of silver, and con- 
nect them with the galvanometer. The needle at first 
turiis in a direction which shows that the copper is the 
positive pole ; it then gradually returns to its first position, 
and is again deflected in the opposite direction, showing 
that the silver is now the positive pole. After some time 
it returns and is deflected in the original direction, and 
goes on thus changing. If the plates be examined during 
these changes, it is observed that sulphide of copper is 
formed when the copper is the positive pole, and sulphide 
of silver when the silver is the positive pole. The alter- 
nate action is owing to the relative condition of the two 
plates when coated with their sulphides. The electric cur- 
rent of a vohaic pair is thus shown to be not invariable in 
direction, as it ivould be according to the contact theory, 
but to change its direction with the seat of chemical action. 
It always starts from the plate acted upon, passes through 
the liquid to the passive plate, then through the wire back 
again to the active plate. 

Therefore it is now generally held that the current origi- 
nates in the chemical action, though it cannot appear until 
a road for it has been formed by connecting the plates by 
a conductor outside the liquid. 
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When the amalgamated zinc is put into the cell (265), 
the SOi cif the acid acts upon it, not strongly enough to 
effect combination, but sufficiently to develop a current, 
which, in passing through the cell, decomposes the acid 
into hydrogen and SO^, leaving the latter free to combine 
with the zinc. Its combination with the zinc develops 
more electricity, and the process thus goes on. This is 
known as the chemical theory. 

It is evident from what has just been stated, that a vol- 
taic pair cannot be constructed by using one liquid and 
two plates of the same metal. If both plates were equally 
acted upon, currents of equal strength would start from 
each in opposite directions, and would exactly neutralize 
each other. On the other hand, if one plate is acted upon 
very strongly, and the other not at all, there will be no 
current from the latter to interfere with that from the for- 
mer. Hence platinum and zinc constitute a better voltaic 
pair than copper and zinc, when the acid used is sulphuric 
Fig. 94. acid In the former case, the acid does 

not act upon the plat num at all, and 
no counter current is started; but in 
the htter it tends to act upon the cop- 
per to some extent, as uell as upon the 
zinc, and a counter current is estab- 
lished which weakens the original cur- 

268 Groiis Gas Battery.— \n\.o the 
two outer necks of a three-necked bot- 
tle (see Figure 94) two glass tubes, 
O, H, are fitted by means of corks. 
Each of these tubes is open below, and 
contains a long strip of platinum, from 
which a platinum wire passes through 
the glass at the top. The wires tcrmi- 
little cups, A, B, containing mercury. The whole 
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5 filled with acidulated w 
a galvanic battery are placed in the 
thereby decomposed ; oxygen colle 
hydrogen in the other. When the b 
moved, no change takes place till th 
by a wire. The oxygen and hydrog 
appear, and an electric current pass 
the hydrogen. 

The operation of this cell shows t 
allowed to collect about the plates, tl 
rent in the opposite direction to that p 

269. Grove's Battery. — But we 1 
the chemical action within the cell 
is a case of electrolysis. The acid 
upon one of the plates is sulphuric a d 
is in action bubbles of hydrogen ar 
the passive plate so as nearly to co 
with the action of the cells in two 
contact between the plate and the liquid ; (2.) the hydro- 
gen tends to send a counter-current through the hquid, as 
is shown in the case of Grove's gas battery, and this counter- 
current of course partially neutralizes the original current. 

The ion does not tend to collect about the active plate, 
because it immediately combines with it, forming a soluble 
compound which passes into the solution. 

It therefore becomes desirable to prevent the c lli.ction 
of the hydrogen about the passive t ^ a 

plate. This is done in Bunseii's bat 
tery by surrounding the passive plate 
with strong nitric acid, which takes 
up the hydrogen. The principle of 
this battery is due to Grove, who con 
structed a battery of which Eunsen s 
is merely a modification. In Grove s 
battery (shown in Figure 95) a strip 
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of platinum is used for the passive plate, instead of car- 
bon. Ill other respects it is essentially the same as 
Bun sen's. 

270. DmielTs Battery. — A cell of this battery is sIiowti 
in Figure 96. 1'he outer vessel is of copper, and serves . 
F%. gs, as the passive plate. Inside this is a ves- 

sel of porous earthen-ware, containing a 
rod of zinc. The space between the cop- 
per and the porous cup is filled with a 
solution of sulphate of copper, ■which is 
kept saturated by crystals of the salt lying 
on a perforated shelf The porous cup 
is filled with dilute sulphuric acid. The 
porous partition keeps the fluids from min- 
gling, but does not hinder the passage of 
the current. The sulphate of copper which is in contact 
with the passive plate serves to take up (he hydrogen. 
There are two other reasons for putting the sulphuric acid 
within the porous cup:.(i.) if the sulphuric acid came in 
contact witli the copper, it would tend to act upon it as 
well as upon the zinc, and thus to send a counler-ourrenC 
through the cell ; (2.) the sulphate of zinc formed is thus 
kept from coming in contact with the copper. If it were 
allowed to come in contact with the copper, it would be 
decomposed by the current passing through the cell, and 
zinc would be deposited on the copper ; and both plates 
would soon be virtually of the same metal. 




SUMMARY. 

A voltaic pair consists of two dissimilar conducting 
plates, usually of metal, immersed in a liquid which will 
act chemically upon one of them. The plate acted upon 
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is called the aiim plate ; the other, xhe passive plate. The 
liquid used must always be an electrolyte ; and the chem- 
ical action going on In the cell is electrolysis of the hquid, 
attended by the usual secondary action. (266.) 

According to the contact theory, the current originates in 
the contact of dissimilar metals. But no current can be 
developed by such contact without chemical action, even 
though the liquid used is a good electrolyte ; while a cur- 
rent can be developed by chemical action without the con- 
tact of dissimilar metals, and even by using only one metal. 
Moreover, the strength of the current depends upon the 
intensity of the chemical action, and its direction upon the 
seat of this action ; the current always starting from the 
active plate and passing through the liquid to the passive 
plate, and then through the wire to the active plate again. 
If by any means the seat of chemical action changes, the 
direction of the current also changes. These facts show 
that the current must originate in the chemical action be- 
tween the liquid and the active plate. This chemical 
action may not be strong enough to effect combination 
until a current has been started, which helps to decompose 
the liquid, and thus aids die chemical action at the active 
plate. (267.) 

When the ions are allowed to collect about the plates, 
they tend to send a current in the opposite direction to the 
one passing through the liquid. 

In all ordinary batteries, the active plate is zinc, and the 
liquid acting upon it is dilute sulphuric acid. No ion 
tends to collect on the active plate, since the ion which 
appears there enters at once into combination with the 
plate, giving rise to a soluble compound which passes into 
solution. The ion hydrogen which appears at tlie passive 
plate collects about it. 

This ion interferes with the action of the cell by prevent- 
ing the plate from coming thoroughly in contact with the 
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liquid, and by tending to send a current in the opposite 
direction to the one originated by the active plate. 

In Grove's and Bunsen's batteries, the collection of this 
ion about the passive plate is prevented by immersing the 
plate in strong nitric acid contained in a porous cup. The 
nitric acid takes up the hydrogen. (268, 269.) 

In Daniell's battery, the plates are zinc and copper ; the 
former immersed in. dilute sulphuric acid, the latter in a 
solution of sulphate of copper. The solution of sulphate 
of copper takes up the hydrogen, and thus prevents it from 
collecting on the copper plate. The sulphuric acid is con 
tained in a porous cup, which prevents it from commg m 
contact with the copper, and thus generating a counter 
current ; and tlie sulphate of zinc formed is also kept in 
the porous cup, so that no zinc can be deposited on the 
passive plate. (270.) 

Platinum and zinc constitute a more effective voltaic pair 
with dilute sulphuric acid than copper and zinc ; since the 
acid has no tendency to act upon the platinum so as to start 
a counter-current, while it has a tendency thus to act upon 
the copper. A voltaic pair cannot be constructed by using 
two plates of the same metal and one liquid, since the 
counter-current would then just equat the direct current, 
and thus neutralize it. (267.) 



MAGNETO-ELECTRICITY. 

271. Electricity developed by a Magnet. ^-\'^^ have now 
seen that the electric current has power to decompose 
chemical compounds under certain conditions ; and also 
that chemical action under certain conditions has power 
to originate the electric current- 
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We have also seen that tlie electric current has power to 
move a bar magnet. 

If the two ends of a copper wire are connected with a 
delicate galvanometer, and then the wire is carried quickly 
over the pole of a powerful magnet, or, what amounts to 
the same thing, the pole of the magnet is moved quickly 
by the wire, the needle of the galvanometer, will be deflect- 
ed ; showing that a magnet moving about a wire, or a wire 
about a magnet, has power to originate an electric current. 

A current is generated in a continuous conductor, when- 
ever it is made to cut the lines of magnetic force (314), 
either by moving it about a magnet, or a magnet about it. 
The direction of the current depends upon the direction in 
which the wire is moved across the curves. When the wire 
is made to cut the curves in opposite directions, the cur- 
rent flows in opposite directions. A current thus origi- 
nated by a magnet is said to be induced by it, and the 
electric force thus induced is called magneto-electricity. 

It has been shown (236) that the electric current, when 
it passes through a helix, renders a piece of soft iron 
placed inside the helix temporarily magnetic. 

If the two ends of a helix are connected with a delicate 
galvanometer, and a piece of soft iron is placed inside the 
helix, and the north pole of a magnet is brought against 
d f 1 d 1 1 i 1 f oth nat,net 

g II dhf braa^etad 

h g 1 dl d fl 11 n^ tl at tl e 

f b m e L tie 

f 11 T 11 11 IT to t o ^ 

1 If 1 I, ra e 1 f om tl e 

f I dl d fl d h pp site direction ; 

1 h 1 f 3 g agnetism also 

g I h he helix, and 

that the direction of the current depends upon whether 

the wire is gaining or losing its magnetism. 
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It appears, then, that a current may be developed in a 
conductor by using either a constant or a variable magnet 
When a constant magnet is used, the current is developed 
by changing the relative positions of the magnet and die 
conductor ; when a variable magnet is used, by changing 
the strength of its magnetism. 

272. MagnetB-Ekdrk Machines. — An instrument for de- 
veloping electricity by means of magnetism is called a 
magneio-ekctric machine. In ordinary machines of this kind 
the electricity is induced by means of a variable magnet 
(271) : there must, therefore, be some means of developing 
and destroying magnetism in a piece of soft iron. The 
iron is placed inside a helix, which serves as a conductor 
for the current induced. The magnetism may be devel- 
oped and destroyed by means either of a permanent mag- 
net or of an electric current. 

The former method is illustrated by Figure 97. NS is 
a permanent horseshoe magnet. CD is a bar of soft iron 
with coils, A and B, wound 
round its ends, and may be 
viewed as the armature of the 
magnet. C Z> is capable of 
rotation round the axis E F. 
So long as CD remains at rest, 
no currents are induced in the 
coils, for no change takes place 
in the magnetism induced in 
it by the action of NS. But 
if the poles of CD leave N S, 
the magnetism of the soft iron 
diminishes as its distance from 
N S increases, and when it 
stands at right angles to its former position, the magnetism 
has disappeared. During the first quarter-revolution, there- 
fore, the magnetism of the soft iron diminishes, and an 
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electric current is induced m the coils During the second 
quarter-revolution the magnelism of the arnature increases 
till it reaches a ma>.imura when its poles are in a line with 
those of N'S A current alsj maiis this increase, and 
moves in the same direction as before , for though the 
magnetism increases nstcad ct dimitiibhing which of itself 
would reverse the induced current, the poles of the arma 
ture, having changed the r position with relation to those 
of the permanent imgnet have ilso been reversed and 
this double reveisal leaves the cunent to mo\e as befoie 
For the second half i evolution the cuiient also moics in 
one direction but opposite to 
that of the first half re\ olution, 
since the position of the arma- 
ture is reversed. Thus ifi one 
revolution of a soft iron armature 
in front of the poles of a perma- 
nent magnet, two currents are in- 
duced in the coils encircling it, each 
lasting half a revolution, starting 
from ike line joining the poles. 

The manner in which the 
armature may be made to ro- 
tate, and the current to flow 
constantly in one direction, is 
shown in Figure 98, which rep- 
resents a common form of mag- 
neto-electric machine. jV.Sisa 
fixed permanent magnet. B B 
is a soft iron plate, to which are attiched ti o cylinders 
of soft iron, round which the coils C and T) arc wound 
CB B D is thus the revolving armature, conespondmg 
to C i? in Figure 97. A A\s,s. brass rod attached to the 
armature, and serving as its axle. ./^ is a cylinder fastened 
to A, and is pressed upon by two fork like springs, /Tand 
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K, which are also the poles of the machine. The ends m 
and n of the coil are soldered to two metal rings on ^ in- 
sulated from each other. Wlien the armature revolves, 
A A and F move with it. J<, If, and ^ are so constructed 
as to act as a rheotrope, reversing the current at each 
half-revolution. By this arrangement, the opposite currents 
proceeding from the coil at each half-revolution are so 
transmitted to IT and .A", that these retain their polarity 
unchanged. When the armature is made to revolve with 
sufficient rapidity, a very energetic and steady current is 
generated, which has all the properties of the galvanic 
current Compared with the galvanic battery, the magneto- 
electric machine is a readier, steadier, and cleanlier source 
of electricity, and lias come to be extensiivelj used instead 
of It Magneto-electric machines may be made of anj 
strength by increasing the number of magnets and the 
mechanical force emplojed 

In laige machines, several magnetic batteries are cm 
plojed, with a corresponimg number ot aimatuici and 
coils The coils maj be arringcd like the cells of i gal 
^anic battel-) for tension or for quintit\ tor tension, 
they aie arranged successnely so that Ihej form one com 
pound ciicuit tor quantitj each coil or set of coiis con 
tributes to the common cuirent The thickness of wire 
IS selected according to the object of the machine For 
giving shocks, or for electrolj sis, the wire must be Inng 
and fine, for heating platinum wire, thicker and bhoiter 
The electric force increases with the rapidity of rotation, 

273. Wilde's Magneto-Eledric Machine. — A magneto- 
electric machine of great power has been recently invented 
by Mr. Wilde, of Manchester, England. A front view of 
the machine is shown in Figure 99. M is the foremost 
of a series of sixteen powerful steel magnets of horsesiioe 
form placed one behind another in a horizontal row. 
These magnets are fixed below to the magnet cylinder. 
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shown on a larger scale 
in Figure ico. Tiiis 
is made partly of iron, 
partly of brass. The 
sides a are of iron, 
and the brass bars li b 
lie between theiii. In 
the centre js a circu 
lar hok extending the 
wholi, way through 
The magnets are farm 
ly fastened to the iron 
sides 1 1 so that the 
latter foim the poles 
of the magnetic bit 
tery, the bra''', bais 
between them in^uiat 
ing theia from eich 
other 

A cvlmdricil arma 
ture a idi cast i on \-> 
made to ie\oKe within 
the magnet cjlinder 
Its diimeter is a little 
less than that of the 
cyhndrical hole so that 





It can re\olve without friction 
%erj close to the polar sur- 
faces It is shown in section 
in Figure loo. Two rectan- 
gulir giooves are cut in it, 
Z.S there represented, and in 
these about fifty feet of insu- 
lated copper wire is wound 
lengthwise in three coils. 
J The coil thus formed is shut 
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in by wooden packing, c c. Two caps of brass are fitted 
to the ends of the armature, and to these are attached the 
steel axes of rotation. The rear axis is connected by 
means of a pulley and belt with the engine which rotates 
the armature. On the front axis are two metallic pieces, 
one connected with the armature, and the other insulated 
from it. One end of the armature coil is connected with 
the armature, and thus with one of these metallic pieces, 
and the other end is insulated from the armature and 
connected with the other piece ; so that these metallic 
pieces are the terminals of the coil. Two steel springs 
press against these pieces, each spring against one piece 
during half a rotation. In the position shown in Figure 
loo, the armature is magnetized, since the parts a a are 
facing the poles of the permanent magnets. On perform- 
ing a quar 1 ' n 1 m re loses its magnetism, 
since its p 1 day from Uie poles of tiie 
magnets. On npi 1 g a her quarter-revolution, it 
again becon es i^ne ad o n ; so that in one revo- 
lution the a ma e du e opposite currents in the 
coil, one n 1 half e lu on The springs act as a 
rheotrope, and thus cause the current to pass through them 
always in the same direction. The armature is made to 
revolve some 2,500 times per minute, sending g,ooo waves 
or currents of electiicity to the wires a o 

One advantage of the position of the armature in this 
machine is that its motion \~> not resisted by the air. In 
the ordinary m^gneto electric machines (see Figure 98) 
much of the mechimcal foice applied t? the rotation is 
wasted m beati rg the air 

Another advantage is that the inductile action of the 
magnet is everted directlj on the coil, as well as through 
the intenention of the armiture If the coil were made 
to rotate without the armature, currents would be induced 
in it of the same kind as that induced by the armature, 
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though of feebler intensity ; and these currents would be 
strongest when the coil was moving through the line join- 
ing the poles, and weakest when it was at right angles to 
that position. The currents induced by the armature are 
strongest when those just mentioned are weakest, and 
weakest when those are strongest ; so that armature and 
coil combine to make the current uniform. 

But the chief peculiarity and merit of Wilde's machine 
is, that the current got from the magneto-electric apparatus 
is not directly made use of, but is employed to magnetize 
an electro-magnet some hundreds of times more powerful 
than the magnetic battery originally employed, and this 
electro-magnet is made to induce another and proportion- 
ally more powerful current by means of a second rotating 
armature. 

This electro-magnet, E E {Figure 99), forms the lower 
part of the machine, and by far the most bulky portion of 
it. The upper and lower machine are in action precisely 
alike ; only the upper magnet is a permanent magnet, and 
the lower one an electro -mag net. We have the same mag- 
net-cylinder, the same armature, springs, and poles. This 
armature is made to rotate some 1800 times per minute. 

A machine intended for a three-horse power steam- 
engine, and worked with that power, will consume carbon 
sticks three eighths of an inch square, and evolve a light of 
surpassing brilliancy. With a machine consuming carbons 
half an inch square, the light is of sufficient intensity to 
cast shadows from the t^ames of street-lamps a quarter of 
a mile off. The same light, at two feet from the reflector, 
darkened photographic paper as much in twenty seconds 
as the direct rays of the sun at noon in one minute. 

Wilde's machine enables us to convert any amount of 
mechanical force into electricity by increasing the size of 
the electro-magnet, or by using a second electro-magnet 
induced by the first ; so that a magnet indefiniiely wiak 
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can be made to induce a current or a magnet of indefinite 
strength. The size and weight of the apparatus are abo 

274- Jndudion Cods —When the magnetism is devel- 
oped and destio^ed by means of a current (272), the soft 
iron must be plactd inside a coil through which the cur- 
j-,^ ,0, rent is sent. This is 

called the primary coil, 
and must be placed in- 
side another coil, called 
the secondary coil, which 
serves as a conduc- 
tor of the electricity 
developed by induc- 
tion. A magneto-elec- 
tric machine made in 
this way is commonly 
called an induction coil. 
One of simple construction is shown in Figure loi. The 
primary coil is of coarse wire wound with wool, and is at- 
tached to the wooden base of the instrument. The second- 
ary coil is of finer silk-wound wire, much longer than the 
primary wire. Within the primary coil is a bundle of iron 
wires, which are sufficiently insulated by the rust that gath- 
ers on them. The developing of magnetism in these wires 
is tiie chief aim of the primary coil, and, as a strong current 
is necessary for that purpose, coarse wire is used in that 
coil. In the secondary coil, the tension of the induced 
current alone is aimed at, and fine wire is used, so that as 
many turns as possible may be brought within the influence 
of the primary coil and its core ; for it is found that the 
tension of the induced current is proportional to the strength 
of the primary current and to the square of the resistance in 
the secondary coil. 

In order, however, to obtain the greatest effect from the 
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secondary coil, it is necessary to have some means of rap- 
idly completing and breaking the primary current. This 
is effected in the instrument under consideration, either by 
means of the rasp seen behind the coils, or by the self- 
acting rheotome at the left hand. When the former is used, 
one of the battery-wires is attached to one of the binding- 
screws, and thereby to one end of the primary coil ; and 
the otlier battery wire is drawn along the teeth of the file, 
which is connected with the other end of the coil. The 
current is stopped and started again every time the wire 
passes from one tooth to another ; and every time it is 
stopped or started, an inverse or a direct current is excited 
in the secondary wire. The rheotome breaks the current 
in the same way, but more regularly and rapidly. When 
it is used, both battery wires are attached to the binding- 
screws, bringing the rheotome and the primary coil into the 
circuit 

275. The Indudorium, or Riihmkorff's Induction Coil. — 
The essential parts of this apparatus are the same as in 
that shown in Figure loi, and described in the last sec- 
tion. A primary coil, with its core of iron wire, and a 
secondary coil outside the primary and insulated from Jt, 
form the main portion of the instrument. The primary 
coil is connected with the poles of a galvanic battery, and 
a rheotome is introduced into the circuit to effect the 
interruptions of the current essential to its inductive ac- 
tion. A rheotrope and a condenser are also connected with 
the primary circuit. 

The best rheotome is Foucault's (239) ; the best rheo- 
trope, the one described in section 227. These two are 
usually combined in one instrument. 

The condenser consists of several sheets of tinfoil and 
silk, laid alternately upon one another. The first, third, 
fifth, etc. sheets of tinfoil are connected by strips of the 
same material ; so are the second, fourth, sixth, etc, Each 
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set of sheets is connected with one of the wires of the 
primary coil. The condenser is generally placed within 
the wooden base of the instrument, and does not raeet the 
eye. The object of the condenser is to absorb the extra 
current, to be described hereafter. (279.) 

The excellence of the instrument depends on the proper 
insulation of the secondary coil. The bobbin must be 
made of glass, gutta-percha, or vulcanite, which is best of 
all, so as to prevent the induced electricity from reaching 
the ground by the primary coil. Care must also be taken 
to insulate the different parts of the secondary coil from 
each other, so that the induced current may not shorten 
its course by leaping over one or more layers of the 
coil. 

A RuhmkorfFs coil of moderate size readily yields 
sparks of from four to five inches, with a battery of six 
Bunsen's cells. The power of the induced current to de- 
flect the needle of the galvanometer, and to effect electroly- 
sis, is very insignificant. This shows that it is very much 
inferior to the inducing current in quantity, however much 
it may be superior in tension. The physiological effect, 
however, is tremendous, and the experimenter must take 
care not to allow any part of his body to form the medium 
of communication between the poles, as the shock might 
be dangerous, if not fatal. 

276. The Electric Egg. — When the induced current is 
made to pass through highly rarefied air, a ver}' beautiful 
effect is produced. This may be shown by the electric egg. 
It consists {see Figure 102) of a glass vessel with an open 
neck above and another below. The lower opening is 
fitted with a brass stopcock, and can be screwed to the 
plate of an air-pump. A brass rod and hall rise a little 
way into the egg. Another brass rod terminating in a ball 
slides air-tight through a cap covering the upper opening, 
SO that the two balls can be set at different distances from 
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each other. IVhen the air is e^ihausted 
from the egg, and the wires from the coil 
are attaclied above and below, a luminous 
glow extends between the balls. When 
the exhaustion is more complete, black 
bands are seen to cross the light horizon- 
tally, as shown in the figure. The cause 
of this appearance is not fully understood. 
The ball which forms the negative pole is 
enveloped with a blue light The glow, 
which is of a beautiful mauve tint, appears 
to proceed from the positive ball, and 
reaches nearly to the negative ball, from 
which it is separated by a well-marked 
non-luminous space. If the direction of 

the primary current is changed, these ap- ' 

pearances are instanfly transposed. 

277. Gdssler's Tuites. — A variety of forms of apparatus 
are used for showing the electric light in rarefied air and 
in other gases.* Gdsskr's tubes, so called from the inventor 
(a German, who alone knows the secret of their manufac- 
ture), are combinations of bulbs and tubes, filled with rare- 
fied gases and liquids, and then, sealed air-tight, so as to 
be ready for use at any time. One of them is shown in 




Figure 103. When the current is sent through these tubes, 
they exhibit lights of various tints according to the gases 
contained in them. 

278. Currmi Induction. — Two long copper wires (see 

• All the esperiments with the electric light usually performed by 
means of Frictional Electricity can be better performed with the In- 
ductoraim- See Appeadi:t, 31. 
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Figure 104) a 
other. The e 




e fixed so as to be parallel and close to each 
iiids of the one,//, are connected with the 
poles of a battery £, 
and those of the other, 
ss, with a galvanometer 
G. The instant the cir- 
cuit of -the battery is 
completed, and the cur- 
rent sent through //, 
a current in the opposite direction is induced in the wire 
s s, as is shown by the galvanometer. This induced cur- 
rent lasts biat a moment, for though the current continues 
to circulate in//, the needle soon falls back to its original 
position. If now the battery current in// be interrupted, 
another momentaiy current in j J is shown by tlie galva- 
nometer, but in this case in the same direction as the in- 
ducing current. The inducing wire and current are called 
primary ; the other wire and current, secondary. If the 
primary wire be movable, so that it cat! suddenly be 
brought near to and withdrawn from the secondary, while 
the battery current flows steadily, currents are induced as 
before, the approach of ^he wire being marked by an in- 
verse current, and its withdrawal by a direct one. As long, 
however, as the primary wire remains in any one position, 
ail electricity in the secondary wire disappears ; but if in 
this position the strength of the primary current should 
be increased or diminished, momentary currents in the 
secondary wire would again mark the changes in the pri- 
mary, the increase causing an inverse, and the decrease a 
direct current. Hence we conclude that a atrreni -ivhick 
begins, a current which approaches^ or a current which in- 
creases in strength, induces an inverse momentary mrrent in a 
neighboring circuit; and that a current which stops, a cur- 
rent which retires, or a current which decreases in strength, 
induces a direct momentary current in a neighboring circuit. 
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In experiments like the above it is better to wind the 
primary and secondary wires on bobbins, so as to form 
coils, as sho«ii in Figure 105. Fig. loj. 

The primary coil /* is made 
of coarse wire, and the second 
ary coil S of fine wire, as in 
the induction coils already de- 
scribed (274, 27s}. If the 
primary coil be placed in the 
circuit of a cell or battery, and 
if the secondary coll be con- 
nected with a galvanometer, a 
momentary inverse current appears in S when P is put in- 
side it, and a momentary direct one when it is taken out ; 
or if, while P remains in S, the strength of the primary 
current be altered, the galvanometer indicates the induc- 
tion of currents according to the principles already stated. 

Current induction is probably only a phase of magnetic 
induction, since we have seen (237) that any wire through 
which a current is passing is slightly magnetic, and that 
such wires are powerfully magnetic when wound in coils. 
We have seen also {271) that, when a magnet is brought 
near to or removed from a conducting wire, it excites an 
inverse or a direct current in the wire ; and that wlien soft 
iron placed within a helix Is gaining or losing magnetism, 
momentary currents, inverse or direct, are excited in the 
wire, 

279. Extra Current. — Not only does a galvanic current 
induce electricity in a neighboring current, but it also acts 
inductively on itself. ^Vhen contact is broken in a battery 
circuit a spark is seen. When the wire is short the spark 
is feeble, but it grows brighter with the length of the circuit, 
especially when the wire is wound in a coil. The current 
is not stronger in the latter case, but weaker, as the galva- 
nometer will show J and the real cause of the brighter spark 
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with the longer circuit is to be found in the induction of 
the primary current on the various parts of the circuit, excit- 
ing extra currents^ as they are called, in the primary wire. 
Experiments have shown that at ike instant a galvanic cur- 
rent begins and ends, extra currents are induced by the action 
of the several parts of its circuit upon each other, that at the 
beginning ef the current being inverse, and that at the end di- 
rect. The effect of the extra current on the direct induced 
current of the secondary coil is to lessen its tension very 
decidedly. It does this by prolonging the cessation of the 
magnetism of the core and of the current in the primary 
coil, and thus impairing the suddenness of this change. 

z8o. The Magnetism ofJiotaiion. — It was long ago ob- 
served that, when a magnetic needle was made to oscillate 
above a copper plate, it came to rest sooner than it did 
otherwise. The oscillations were made in the same time 
as when away from the plate, but they were less in extent ; 
the plate seeming to act as a damper to the motions of the 
needle. Arago reasoned from this that the needle at rest 
would be influenced by the plate in motion, and experi- 
ment confirmed the surmise. He made a copper disc re- 
volve with great rapidity under a needle, the middle of the 
needle being directly above the centre of the disc. As ex- 
pected, the needle was deflected in the direction of the 
motion of the disc ; and the deHection increased with the 
rapidity of the motion, until at length the needle turned 
round after the disc This action of the revolving disc was 
called ti. 3 magnetism efrotaiiott, and the name has been since 
retained. It was first explained by Faraday, who proved 
it to arise from the reaction of cmrents induced in the disc 
by the magnet. As the copper plate is a continuous con- 
ductor, currents will be started in it by its rotation under 
the magnet (271)- These currents are found to flow in the 
neighborhood of the netdle in such a directioii as to de- 
flect it in the direction in v/liich the plate is moving. 
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SUMMARY- 

Electricity can be developed by magnetism, either by 
moving a conductor near a constant magnet, or the magnet 
near the conductor; or by changing the strength of the 
magnetism in a magnet which is near, a conductor. 

Electricity developed by magnetism is called magneto- 
electricity, and an instrument for developing it is called a 
magneto-electric machine. In all ordinary machines of this 
kind the electricity is induced by developing and destroy- 
ing magnetism in soft iron placed inside a helix. This may 
be effected by using a permanent magnet, or by means of 
the electric current. (271, 273.) 

When the magnetism is developed and destroyed by 
means of the current, the instrument is usually called an in- 
duction coil. The most important machine of this kind is 
the inductorium, or Rnhmkorff's induction coil. It consists 
of a bundle of iron wires surrounded by a helix of thick 
copper wire, through which the primary current is sent in 
a succession of rapid impulses. This primary coil is sur- 
rounded by a much longer coil of very fine wire, in which 
the secondary current is induced. (275.) 

The most important magneto-electric machine of the first 
class is the one recently invented by Wilde. In this ma- 
chine the current developed by rotating an armature be- 
tween the poles of a series of permanent magnets is made 
to develop much more powerful magnetism in an electro- 
magnet, which in turn is made to develop a current by 
means of a second rotating armature. In this way a mag- 
net indefinitely weak may be made to develop a current 
of indefinite strength. (273.) 

Magneto-electricity has much greater intensity than vol- 
taic electricity. 

Magneto-electricity may also be developed by means of 
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the current by alternately carrying continuous conductors 
near to and away from a wire through which a current is 
passing; or by leaving the conductor stationary near the 
wire, and alternately stopping and starting a current in the 
wire. This is called current induction. It is probably only 
magnetic induction, since the wire through which a current 
is passing is always magnetic. (278.) 

Ths'sxtra current which appears on stopping or starting 
a current in a wire is due to the inductive action of one 
part of the circuit upon another. (279.) 

The movements of a magnetic needle when suspended 
over a rotating copper disc are explained by the action of 
the currents induced in the disc by its rotation under the 
magnet. (280.) 



THERMO-ELECTRICITY. 

a8i. FJeciricity deneUped by Heat. — We have seen the 
power of the current to develop heat (261), and we shall 
now see that heat has power to develop an electric cur- 
rent. The electricity so developed is called ihermo-elec- 
fridiy {heat electricity). 

Take a copper wire, cut it in two, and fix each half in 
one of the bin ding- screws of a galvanometer. Heat one of 
the free ends to redness, and press it against the other, 
and a current will be generated, passing at the Junction 
from the hot to the cold end, as shown by the needle. 
Perform the same experiment with two pieces of platinum 
wire, and the current is stronger. In almost ail cases 
where portions of the same metal at different tempera- 
tures are pressed together, a current is produced. 

Currents also appear when two portions of the same 
metal or piece of metal have different structures, and the 
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point where botli structures meet is Iieated. If, for in- 
stance, one piece of wire be hard-drawn and the other part 
annealed (17), a current is produced when the point of 
separation between the hard and soft part is heated. The 
same takes place if one part of the wire be hammered or 
twisted, and the other part not. Fig. ms. 

When the point of junction of any two metals 
is heated, a current is always produced. When 
a bar of antimony, A, is soldered to a bar of 
bismuth, B, (see Figure id6,) and their free ends 
are connected with a galvanometer, G, a cur- 
rent passes from the bismuth to the antimony 
when the junction is heated. When ^ is cooled 
by applying ice, or otherwise, a current in the 
opposite direction is produced. Such a combi- 4£.S> 
nation of metals is called a Ihermo-deciric pair. 
Metals like antimony and bismuth, which have a crystal- 
line structure, are best suited for a thermo-electric pair. 

282. Thermo-electric Battery. — One bismuth-antimony 
pair has very little power. To obtain a stronger current 
several pairs are united, as shown in Figure 107. The 
heat in this case must be apphed only to t-is. 107. 

one row of soldered faces. The strength 
of the current depends on the difference 
of temperature of the two sides ; and to 
increase it to the maximum the one series 
must be kept in ice or in a freezing mix- 
ture, whilst the other is exposed to an 
intense heat. As in the galvanic battery, 
the electric force is proportionate to the 
number of pairs. At best, however, it is 
small, and the galvanometer used to measure it must be 
a very delicate one. 

When a great number of pairs are formed into a battery, 
they are usually arranged as shown in Figure 108, which 
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Fig 108 shows one of thirty pairs The odd 

fai-ei 1 s etc are exposed on 

■ ind the e% en faces 246 
etc on the other The terniu al 
barb are connected with the bind 
mj,bi.re\^s The mteistices of the 
bais ire hlled with g\psum to keep 
them separate and the whole is put 
in 1 frime of non conducting miteiial 

buch a batter) in connection with a senbttive galva 
nometer form a most d licate thermometer hom g 
ho\ievei only differences of tem[ erature bet M-cn the two 
face So lo ig as the opposite ficcs are expo ed to the 
same temperature no current is produced but if the 
tempentuie of one side becomes hij^her than that of the 
other a cuirent 1 at once indicated If the hand foi 
mslance be brou^^ht neat one side the needle shows a 
current or if a piece of ice be held near a curi nt is also 
siiown, but moving in the opposite direction. 



SUMMARY. 



Take pieces of two metals, and connect one end of each 
by a wire, and bring the other ends together. On heating 
the point of contact, a current is developed. Electricity 
thus generated is called thenm-ekclricity, and the metals 
thus connected constitute a thermo-electric pair. Such a 
pair can be formed of two pieces of one metal, provided 
these are in different conditions. Antimony and bismuth 
form the best tbermo-electric pair. {2S1.) 

Several such pmrs connected form a thermo-electric pile, 
or battery. Such a pile is a very sensitive thermometer, 
since a current is developed h^ the slightest difference of 
temperature between the two faces. (282,) 
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FRICTIONAL ELECTRICITY. 

283, Electricity developed by Friction. — When a cat's 
back is stroked on a cold, dry day, in a darkened room, 
sparks are obtained which at once indicate the develop- 
ment of electricity. If a well-dried rod of glass or gutta- 
percha be rubbed with a piece of silk or flannel, similar 
sparks appear. Hence electricity may be developed by 
friction. Such electricity is called frictional electricity. It 
is found by experiment that, when any two dissimilar bodies 
are rubbed together, electricity is developed ; but when the 
substances are conductors of electncitj, the force thus de 
veloped passes oil silently through the hands and bodj 
In order to detect it, the substances rubbed together must 
be held by insulating handles, that is, handles which do 
not conduct electricity 

284. The Ekdf cal Mat.hine — In studjmg friction^ 
electricity it is desirable to haie an appaiatus suitable for 
generating it. Such an apparatus is called an electrical 
machine. One of the be^t forms of it is shown in Figuie 
log. It consists ol a thick plate ot glass msuUtcd fiom 
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285. Quantity and Intensity of Fridional Eledridty. — 
With a medium-sized electrical machine of this liind, sparlis 
are readily obtained two inches long by presenting a con- 
ducting substance to the ball of the prime conductor, 
Machines have been constructed powerful enough to give 
a spark two feet in length. We thus see that frictional 
electricity has great tension (zzs). Its quantity, on the 
other hand, is next to nothing. This is shown by connect- 
ing the positive conductor with one end of the wire of a 
moderately delicate galvanometer, and the negative con- 
ductor with the other end, and working the machine. 
The needle will be deflected only one or two degrees. 
The great intensity and the small quantity of frictional 
electricity place it in striking contrast with voltaic elec- 
tricity. 

If a galvanic pair consisting of an iron or copper wire 
about ^'5 of an inch in diameter, immersed about an inch 
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In a little water to which has been added one drop of sul- 
phuric acid, be connected with the above galvanometer, it 
will cause the needle to move sis or eight degrees ; but 
the electricity has so little tension that it cannot effect a 
discharge through the air even at a microscopic distance, 
!'"a.niday has calculated that a wire of platinum and one of 
zinc, ^ of an inch thick, iramersed I of an inch in four 
ounces of water acidulated with one drop of sulphuric acid, 
will produce as great a quantity of electricity in three sec- 
onds as thirty turns of a So-inch plate machine. 

The positive conductor of an electrical machine answers 
to the positive pole of a galvanic battery, and the negative 
conductor to the negative pole, and the friction on the 
plates to the chemical action in the cells. With the gal- 
vanic battery an enormous quantify of electricity is obtained 
of slight tension; with the electrical machine, a small 
quantity of enormous tension. 

286. T/ie Electroscope. — If a pith ball hung by a silk 
thread from a glass rod be brought near the ball of a prime 
conductor, it is at first briskly attracted and then as briskly 
repelled. This power of attracting light bodies is one of 
the most striking features of frictional electricity, and de- 
serves especial study. It grows out of its high tension. 
The electricity at the unconnected poles of a powerful 
galvanic battery can be detected only by the most delicate 
apparatus, yet it can be shown to exist. The power of the 
electricity developed by friction to attract and repel light 
bodies furnishes the most ready means of detecting the 
presence of this electricity, as the needle furnishes the most 
ready means of detecting the presence of voltaic electricity. 

An instrument constructed on this principle for the de- 
tection of frictional electricity is called an electroscope. 

Figure no represents a common and convenient form 
of electroscope. It consists of a brass conduct ing-rod sup- 
porting a graduated semicircle, in the centre of which is 
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a movable index made of very light wood, with a pith ball 
at the end. \VIien it is attached to the prime 
conductor of the electrical machine, the pith 
ball is repelled as soon as the plate is turned. 
Figure in shows a more delicate electro- 
scope. It consists of a hollow glass ball, the 
neck of which is covered by a brass cap. 
Through this cap, but insulated from it, passes 
a brass rod having a brass ball at its upper 
end and two narrow strips of gold-leaf sus- 
pended from its lower eud. If the brass ball 
is brought near a body charged with electiicity, 
the strips of gold-leaf repel each other, as in 
the figure. 

As the gold-leaves are very easily torn, care 
must be taken not to communicate to them too 
strong a charge. In using this electroscope 
an instrument called a/ra^/to^ (see Figure 
iia) is often convenient. It consists of a 
small disc of gilt paper insulated by a glass 
rod. It is used by bringing it in contact with 
Fig; IIS. the electrified body, and then with the brass ball 
of fhe electroscope. The gold-leaves will immedi- 
ately diverge, and, as only a small charge can thus 
be communicated, there is no danger of injuring 
them. 

287. The Electric Forces on iks Positive and Nega- 
tive CoHdudors ad in Opposite Directions. — Insulate 
both conductors of the machine, and charge them 
^—^ with electricity by turning the plate. Bring a pilh 
ball suspended by a silk thread in contact with the positive 
conductor, and it is soon repelled. Take it now to the 
negative conductor, and it is strongly attracted. Discharge 
now the pith ball by taking it in the hand, and again bring 
it in contact with the negative conductor, and it is repelled ; 
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but on taking it'to the positive conductor it is attracted. 
We see then that a ball which is repelled by the force on 
one conductor is attracted by the force on the other. In 
other words, the forces on the tvvo condnctors act in oppo- 
site directions. 

These opposite electrical forces are called positive and 
negative forces. 

288. Both Electrical Forces are always developed together. 
— It is found to be impossible to develop one of these 
forces without at the same time developing botli. The 
positive force always appears upon one of the substances 
rubbed together, and the negative force always appears 
upon the other. The force that acts in the same way as 
that upon the prime conductor of an ordinary electrical 
machine is called positive electricity, and the opposite force 
is called negative electricity. Of course, in order that 
both the forces should be detected, both of tlie substances 
rubbed together must be insulated. 

The force that appears upon each of the substances de- 
pends upon their nature. When any substance, as glass, 
is rubbed with different substances, ihe same force does 
not always appear upon it, 

289. Induction. — If an insulated copper ball is connect- 
ed with the prime conductor of the 

machine, and a small insulated con- '°' "^' ^-, 

ductor is placed near it (see Figure C — ^ — ^ \J 
113}, on developing electricity and ^^ '' ' | 

examining the condition of the insu- 
lated conductor, opposite electrical JK^ ^Aj 
forces will be found to be developed 
upon its ends. On the end next the ball, negative force will 
be found ; on the end farthest from the ball, positive force. 
This action of a charged body upon a body near it is 
called induction. The insulated conductor, is said to be 
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A charged body polarizes all insulated confluctors near 
it ; tliat is, it develops upon them opposite electrical forces 
at opposite points. It always develops on the part of the 
conductor nearest it a force opposite to that with which it 
is itself charged ; and on the part of the conductor farthest 
from it, a force the same as that with which it is charged. 

If one copper ball is connected with the positive con- 
ductor and another with the negative conductor, and a rovi? 
of insulated conductors is arranged between these balls, as 




shown in Figtire 114, on developing the electric force each 
of these insulated conductors will become polarized. The 
ends of the conductors towards the ball connected with the 
positive conductor are all negative, and the opposite ends 
positive. 

Place three insulated conductors end to end between 
the two copper balls. First arrange the conductors quite 
near each other, and develop electricity. Sparks will pas3 
between the ends of the conductors. Completely discharge 
each conductor by passing the hand over it, and place the 
middle conductor quite near the conductor on one side, 
and at some distance from the conductor on the other side. 
Again develop electricity, and a spark passes between the 
middle conductor and the conductor nearest to it. Let the 
condition of the conductors between which the spark has 
passed be now examined by means of a light pith ball or a 
proof plane and electroscope. Previous to the passage of 
the spark there were two forces on each conductor ; but 
after the passage of the spark only one force is found on 
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each conductor. The force on each conductor is the same 
as that first developed on the ends farthest from each 
other; and of course those forces are of opposite kinds. 
The opposite forces, then, upon the ends of the conduc- 
tors facing each other, have passed from the conductors 
and become neutralized. Let now the conductors on each 
side be brought up so as almost to touch the ends of the 
middle conductor) and the balls so placed as almost to 
touch the ends of the outside conductor. On turning the 
machine sparks pass between the conductors, and on ex- 
amining them scarcely any force is found upon them. If 
the conductors and balls are brought quite in contact, no 
force is found upon them when the machine is turned. 

We see, then, that when insulated conductors are placed 
end to end near a charged body, opposite forces are de- 



said, as we have already learned, to be polarized; when 
only one force exists on it, to be charged; and when no 
force exists on it, to be neuiral. When a force which has 
been developed on an insulated conductor passes off, it is 
said to he discharged. 

■\Vhen an insulated conductor is brought near a charged 
body, it is iirst polarized, and the nearer it is biought, the 
higher the polarization rises. If the conductor is so situ- 
ated that it can discharge its force at only one end, it be- 
comes charged with the same electric force as the body 
originally charged ; if it discharges frotn the opposite end, 
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it becomes charged with the force opposite to that on the 
originally charged body. If the conductor is so situated 
that it can discharge quite readily at both ends, but more 
readily at one end than at the other, tliere will be three 
steps in the process. The conductor will first become po- 
larized, then charged, and finally neutralized. 

If the conductor is so situated that it can discharge 
quite readily, and with equal readiness, at each end, there 
will be only two steps in the process. It will be first po- 
larized, and then neutralized. 

290. The Polarization of the Insulated Conductor depends 
on the 7Wn-c0nducting Medium which sefiarates it from the 
Charged Body. — Charge a metallic disc, and bring it near 
the ball of the gold-leaf electroscope ; the leaves diverge, 
owing to the electricity developed on them by induction. 
Introduce a thick cake of shel-lac between the disc and 
tlie ball, and the leaves diverge still more, showing that 
the polarization has risen higher. Faraday lias shown 
that the polarization of a body changes whenever a differ- 
ent non-conductor occupies the space between it and the 
charged body. We therefore conclude that the polarized 
condition of a body depends apon the non-conducting 
medium which separates it from the charged body. 

291. Faraday's Theory of Induction. — YA.\&Az.y supposes 
that each molecule of a substance acts like an insulated 
conductor, and that the main difference between a con- 
ductor and a non-conductor is, that the molecules of the 
former are so arranged that they can readily discharge 
their forces into one another, while the molecules of the 
latter discharge their forces into one another with diffi- 
culty. It is supposed also that the molecules of con- 
ductors are polarized more easily than tliose of non-con- 
ductors. 

The electric force, then, like cohesion and adliesion, 
must be regarded as one of the molecular forces. Its 
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first action is to polarize alt the molecules in the neigh- 
borhood ; that is, it develops opposite electric forces on 
opposite parts of each molecule. The molecules of con- 
ducting substances ace polarized readily, and those of non- 
conductors with difficulty. The molecules, on becoming 
polarized, tend to discharge their forces into one another at 
opposite points. The molecules of conductors discharge 
their forces easily, and those of non-conductors with difii- 
culty. When the molecules are entirely surrounded by 
molecules of the same kind, discharge takes place with 
equal readiness at any point, and the neutral state follows 
that of polarization. When the molecules are surrounded 
on one side by conducting molecules, and on the other side 
by non-conducting molecules, discharge takes place more 
readily on one side than oa the other, and polarization is 
always followed by the charged state. 

Let us now examine the condition of the balls and the 
conductors in one of the preceding experiments. It will 
be remembered that one of the balls was connected with 
the positive conductor, and the other with the negative 
conductor, and that the insulated conductors were sepa- 
rated by a stratum of air. On turning the machine, elec- 
tricity is developed, and all the molecules along the line 
of the conductors, of the insulated conductors, and of the 
air between them, are first polarized. The molecules of 
the conductors immediately discharge their forces and be- 
come neutral; the molecules of the non-conducting air do 
not discharge their force so readily, and still remain polar- 
ised; while the molecules on the faces of the balls and of 
the insulated conductors discharge their forces readily into 
the conducting molecules on one side of them, and with 
difficulty into the non-conducting molecules on the otlier 
side, and are therefore charged. It will be remembered 
that we have already found by experiment that these faces 
of the conductors are charged. 
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As more electric force is developed, the charges on the 
molecules at the faces of the conductors increase, and ihe 
polarization of the molecules of the air also increases. 
This polarization finally rises so high that these molecules 
also discharge their forces into one another, and tlie whole 
line becomes neutral. The discharge of the non-conducting 
molecules of the air into one another gives rise to the spark. 

292 Distuptue and Condutti e Discharge — Place 1 con 
ductor near the prime conductor of the machine, and hold 
a ball between the two bj means of a siik thiead This 
httlt nsulated conductor will be of couise first polarized 
It then fl ts to thejume conductor and discharges its force 
on that side, then back, to the other conductor and dis 
charges its force on the opposite side On thu& becoming 
neutiahzed it is again immediateh polirized and repeats 
the mo\ements alre-idj described ^\e thus see that a 
light insulated cond cto le f ee to mo\e, is thrown 
into commotion upon d scl a g g ts forces If then the 
molecules of bodies act 1 ke sulated conductors, it is 
reasonable to expect that thej 11 also be thrown into 
commotion on disci a p, ng the fo ces into one another. 
We have already not e 1 tl e fact that fine wires are heated 
on the passage of the electr c cu e t through them. We 
shall soon learn that heat s fl e e ult of the commotion 
of molecules of matter. We must, therefore, conclude 
that the molecules of conductors are thrown into com- 
motion on discharging their forces. The sound, light, and 
heat of the spark indicate that the molecules of non-con- 
ductors are thrown into still greater commotion on dis- 
charging their forces. 

Because of this greater commotion of the molecules, the 
discharge which takes place between the molecules of non- 
conductors is called disruptive discharge. The discharge 
which takes place between the molecules of conductors is 
called conductive discharge. 



3d b, Google 



ELECTRIC I ry, 265 

293. Tlu Electric Belh. — The experiment with the elec- 
tric bells gives a very pretty illustration of disruptive dis- 
charge. Three bells are hung from a brass rod j the two 
outside ones by means of brass rods, atid tiie middle one 
by a silk cord. Two brass balls are hung between the 
bells by silk cords. The. middle bell is connected by a 
chain with the floor, and thus to the negative conductor. 
The rod is then connected with the prime conductor, and 
electricity is developed. The outside bells become charged, 
and the balls polarized. The bails in discharging their 
forces axe thrown into commotion, and are dashed against 
the bells on each side, giving a musical sound instead of 
the sharp snap of the spark, which is undoubtedly caused 
by the dashing together of the molecules of the air. 

294. There are no NoH-eoniiuctors. — From what has been 
stated it follows that there is no such thing as a non-con- 
ductor of electricity. A non-conductor is only a very poor 
conductor. A better division of substances would be into 
good and bad conductors of electricity. 

This may be shown also by the following simple experi- 
ment. Connect the inner and outer coatings of a charged 
Leyden jar (302) by a long wire, which near the coatings is 
bent towards itself within a fourth y\^ ,,5, 

of an inch (see Figure 115); and the 
greater part of the discharge, instead 
of passing through the long wire, the 
course of which is cut off by a dotted 
line in the figure, leaps across at the 
point E ; the proportion being greater, the nearer the wire 
is at the bend, and the longer the course of tlie wire. 

295. The Electric Current explained by these Principles. — 
In the voltaic battery the electric forces are generated by 
chemical action (267). When the poles of the battery are 
connected by a copper wire, the molecules of the wire be- 
come polarized and then discharge their forces, again 
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become polarized and discharge, and so on. The electric 
current, then, is only the successive polarization and dis- 
charge of the molecules of the wire. The polarization 
evidently starts from each pole of the battery and runs 
along the wire to its centre, and is then followed in the 
same way by discbarge. 

296. EkctroiyiU Discharge. — We have seen that, whea 
the electric current is sent through a compound liquid, the 
latter is decomposed. According to our theory, the mole- 
cules of the liquid first become polarized and then dis- 
charge into one another. It is then evident that the 
molecules of compound liquids, on discharging into one 
another, are not only thrown into commotion, but actually 
broken up. 

As fast, however, as they are broken up, except at the 
end of the line, they are re-formed. We will suppose that 
water is the electrolyte. Each molecule of water is com- 
posed of two atoms of hydrogen and one of oxygen {%2). 
On becoming polarized the molecules of water seem to face 
round so that the hydrogen atoms are turned towards the 
negative electrode, and the oxygen atoms towards the 
positive electrode. Representing the positive electrode 
by -\- and the negative by — , the condition of a row of 
molecules of water between the electrodes, on becoming 
polarized, may be figured thus : — - 

+ og ©I ©g eg ©g- 

On discharging their forces the oxygen and hydrogen atoms 
separate, but recombine everywhere, except at the ends of 
the line. 

The following may represent the arrangement of the 
molecules after tliey have discharged the forces developed 
by polarization : — 



+ 



H<v H„ H„ H„ H_ 
H** H** H** H** H 
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We thus see that, while decomposition has taken place 
along the whole line, the oxygen appears only at the anode, 
and the hydrogen at the cathode. 

The following symbols may represent the arrangement 
of the molecules of sulphate of copper after polarization 
and after discharge ; — 

4-se.f:u se4€u se.^u sOi-Cu — 

+ SO4 €uSe4 -€uSe, £uSei £u — 
The discharge which takes place between the molecules 
of a compound liquid is called electrolytic disdmrge. It al- 
ways results in the breaking up of the molecules. 

297. The Charge on a solid Insulated Conductor is al- 
ways on the Surface. — To an insulated copper ball are 
carefully fitted two hemispherical metallic caps provided 
with insulating handles. The caps are placed upon the 
ball, and the whole apparatus is charged. The caps are 
then removed and examined, and are found to be charged, 
while not the slightest trace of a chaise is found on the 
ball inside. 

According to the theory that the molecules of all sub- 
stances act like insulated conductors, we see that the 
charge must reside on the surface. Since the molecules 
in the interior of a conductor discharge with equal readi- 
ness on every side, there is no chance for them to become 
charged ; but at the surface the molecules have conducting 
molecules on one side of them and non-conducting mole- 
cules on the other and hence their polarization must be 
followed by the charged state. 

298, Distrtbutton of the Charge on the Surface. — It is 
found byespenment that when a spherical conductor is 
charged and placed n the centre of a room, the charge is 
distributed uiiforml) o\er its surface; and that, when an 
oblong conductor is charged and placed in a similar situa- 
tion, the charge is found to accumulate at the ends. 
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Afain, when an insulated spherical conductor is charged 
and a conductor brought up to one side of it, the charga 
is found to accumulate on that side. The eluctric force, 
then, tends to accumulate where there is least resistance 
to its polarization. For it is evident that there is less re- 
sistance to its polarization in the direction of the conductor 
than in any other direction) since molecules of conductors 
are charged more easily than those of non-conductors. 

299, Polarization rises highest in the Direction of the least 
Resistance. — Whea a conductor is brought near enough to 
a charged body, a spark passes. The resistance to polar- 
ization is less in this direction than in any other, and the 
fact that the spark passes in this direction shows that the 
polarization has risen higher than elsewhere ; otherwise the 
molecules would not have discharged their forces at this 
point. 

300, Why the Charge accumulates at the Ends of OUong 
Conductors. ■ — We have already seen why, according to our 
theory, the charge must reside on the surface of a body, 
and the fact that we have just established — that polariza- 
tion rises highest in the direction of the least resistance — 
explains why the charge accumulates at the ends of oblong 
conductors. When any part of the conductor becomes 
charged, the polarization rises highest in the direction of the 
least resisfance, that is, towards the ends of the conductor. 
Of course, the higher the polarization the higher the charge 
which follows it. Hence the charge is higher at the ends 
than at the sides of an oblong conductor. In the case of 
the sphere, any part of the surface is just as much an end 
as any other part. Hence the charge is distributed uni- 
formly over the surface of a sphere, when it is so situated 
that it can carry on polarization with equal readiness in 
every direction. 

301, The Charge which a Conductor can receive depends 
upon its JFacililies for carrying on Folarization. — This fact 
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is illustrated by the following piece of apparatus. It con- 
sists of three cups made to fit closely within one another. 
Tlie outer and inner ones are of tin ; the middle one, 
which is higher than the others, is of glass. In the centre 
of the inside tin cup there is an upright glass tube, within 
which is a brass chain attached to the bottom of tlic cup, 
and having a brass ball at the other end. Remove the 
outside tin cup, and charge the inside tin cup by bringing 
the brass ball near the prime conductor of the machine. 
The glass cup should be placed on a glass stand. But few 
sparks will pass between the ball and the prime conductor, 
showing that the cup receives but a small charge. Dis- 
charge the cup, replace the outside tin cup, connect the 
latter with one of the conductors of the machine, and 
bring the ball of the inside cup near the other conductor 
of the machine. On developing the electric force a large 
number of sparks pass between the ball and the conductor, 
showing that the cup has received a much larger charge 
in tlie second case than in the first. 

In the first case, the charge on the cup must polarize the 
molecules of the glass cup and of the air about it ; in the 
second case, those of the metallic cup and the conductors 
outside. Since the molecules of the metallic cup and the 
conductors are polarized much more easily than those of the 
air, it is evident that polarization can be carried on by the 
cup much more easily in the second case than in the first. 

Hence the greater facilities an insulated conductor has 
for carrying on polarization, the greater the charge it can 
receive. 

302. The Leyden yar. — - Replace the two metallic cups 
by tinfoil, and the apparatus just described becomes an 
ordinary Leyden jar. This jar is charged by connecting 
Its outer coating with one conductor of an electrical ma- 
chine, and the inner coating with the other, and developing 
electricity. 
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303. The Condition of the Jar when Charged. — When the 
jar is arranged as abo e descr bed and electr c t) i de- 
veloped, the molecules all along the In of tl co ductors, 
of the tinfoil coatings, 1 d of the gla s bet een then are 
first polarized. Then thej are all ne tral zed except the 
layers on the inside an 1 o ts de coat nj, h cl ar evi- 
dently charged, and tl o e of tl e ^las 1 cl arc still 
polarized. As the molecule next t tl e ghs& on the 
inside discharge from tl e oppos te part fro tl ose ext 
the glass on the outside, the two laje a of molecules are 
evidently charged with opposite electric forces. The layer 
of molecules of either coating nearest the glass is charged 
with the same electric force as that of the conductor with 
which it is connected. If the charge rises high enough, 
the molecules of the glass become so strongly polarized 
that a disruptive discharge takes place between tiiem. 

When the jar is disconnected from the conductors of 
the machine, the charge still remains on the surface of 
the coatings next the glass, since polarization can be car- 
ried on more readily through the glass than through the 
air. The jar can be safely handled, if care is taken not to 
touch both coatings with any part of the body. If both 
are thus touched, a violent shock is received. 

The jar may be discharged by means of the discharger, 
which consists of two bent brass arms connected by a 
movable joint and having brass balls at their ends. It is 
fastened at the joint to a glass handle. To discharge the 
jar, hold the discharger by the glass handle, and bring one 
ball in contact with the outer coating and the other ball 
near the knob connected with the inner coating. As soon 
as polarization can be carried on more readily through the 
air which separates the balls than through the glass, the 
charge leaves the surface of the coatings next the glass 
and collects upon the balls. Disruptive discharge then 
takes place between the balls. 
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304, The ILeydm Battery. — The amount of charge which 
a Leyden jar can receive, other things being equal, evi- 
dently increases with the size of the coatings. The area 
of the coatings can evidendy be increased, either by mak- 
ing the jar larger, or by connecting together several smaller 
jars. The latter arrangement constitutes a Leyden battery. 
Like the cells of the voltaic battery, the jars can be con- 
nected in two ways : (i.) the outer coating of one may be 
connected with the inner coating of the nest, and so on 
throughout the series; or (2.) the outer coatings may ali 
be connected together, and also the inner coatings. In the 
first case, the battery is discharged by bringing the inner 
coating of the first jar in contact with the outer coating of 
the last ; in the second case, by bringing the connected 
outer coatings in contact with the connected inner coat- 
ings. Like the voltaic battery, when the Leyden battery 
is arranged m the iirst way, it gives electricity of, the 
greatest intensitj ; and in the second way, electricity of 
the greatc-t quantity. 

The spark obtained from a powerful Leyden battery can 
be made to imitate on a small scale all the eiiects of light- 
ning. It can be made to split tough bits of wood, shiver 
glass, and the like. 

If a body is so situated that it cannot carry on polariza- 
tion, it can receive no charge. This accounts for the fact 
that hollow spherical and cylindrical conductors become 
charged only on their outer surfaces. 

305, The Effect of Points on. a Conductor. — It is found to 
be impossible to charge a conductor when a sharp point 
projects from it, or is held near it. The point conveys 
away the electric force silently. If the hand is held in 
front of the point when the electricity is developed, a cur- 
rent of air is distinctly felt setting off from the point If a 
lighted taper is held near the point, the flame is blown 
away from it The electric force is then evidently carried 
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off by the molecules of the air which form the current 
The silent discharge effected by points lo c\idently i kind 
of disruptiie discharge , and, since the forLC is con\ejed 
away by the moiement of the molecules of the air, it is 
called coji utize diK/iar^ Since in a darkened room a 
star of light is seen upon a point held near a powerful 
electiicai machine while in action, this wlent discharge is 
al'o called g/imi daJi itge 

The tbarge rises so high at the pomt that the molecules 
of air just about it are strongly polarized. Thsy then 
seem to act hke little pith balls. The molecules directly 
in front of the point are first attracted and then repelled ; 
while those just behind are in turn drawn to the point and. 
then driven from it, giving rise to a current of air from the 
point. 

306. The Electric Wheel. — As each molecule is repelled 
from the point, it also repels the point itself, which, if free 
to move, ought to move as well as the molecules of aiv. 
Fig. 116. This explains the action of the electric wheel, 
<y^ which consists of a number of points all bent 

round in the same direction, as shown in Figure 
116. The wheel is poised so as to turn easily, 
and when connected with the prime conductor of 
the machine in action, it rotates rapidly, each 
point moving backward. 

307. Atmospheric Electridty. — Frankhn, with his famous 
bite experiment, first proved the identity of lightning and 
ordinary frictional electricity. It is well known that a cloud 
often becomes charged with electricity How ft becomes 
thus charged is not so well known. It seems probable that 
the friction of the cloud against the air has something to 
do with the development of the charge. When a cloud 
thus charged comes near a second cloud, the two act like 
the two coatings of a Leyden jar, WJien the charge rises 
high enough, the molecules of the air between the two 
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clouds become so highly polarized that disraptive discharge 
takes place, and gives rise to the flash of lightning. When 
we consider the extent of the coatings in this case, we are 
not surprised at the magnitude of the spark. When the 
clouds are so situated that we can see the whole length of 
the spark, it appears as chain lightning. When the dis- 
charge takes place behind a cloud, we see only the illu- 
mination of the cloud by the flash, and the appearance 
is called sheet lightning. 

It often happens that a charged cloud and the earth act 
as the two coatings of an immense Leyden jar, and the 
disruptive discharge takes place between the cloud and 
the earth. 

308. The Use of Ligktning-Rods. — It has already been 
seen that polarization rises highest in the direction of the 
least resistance, and that discharge takes place when po- 
larization rises highest. Hence, when a charge accumu- 
lates in a cloud above a house to such an extent that dis- 
ruptive discharge takes place between the cloud and the 
earth, the Ughtning-rod offers a path of less resistance than 
the house ; hence discharge will be more likely to take 
place through the rod than through the house. The rod 
must extend into moist earth, else some other part of the 
house may furnish an easier path to the earth than the 
rod. In this case, the discharge will leave the rod and 
take the path of least resistance. The dry soil of the 
earth is a poor conductor of electricity, 

Trees are more often struck than the ground, because 
they are better conductors than the air, and hence olfer 
less resistance to polarization. 

Lightning-rods should always be pointed at their upper 
ends, that they may convey away the charge from the 
clouds silently, and as far as possible prevent its accumu- 
lation. The points of the leaves of trees and of the blades 
of grass undoubtedly convey an enormous amount of elec- 
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tricity silently from the clouds, and thus greatly dimlnisli 
the liability of violent disruptive discharge. 

309. The Aurora. — The aurora is undoubtedly an elec- 
tric discharge high up in rarefied air. In what way the 
electricity in this case is developed we are as yet wholly 
ignorant. 

The auroral arch surrounds the magnetic pole of the 
earth. 

The dischai^e through rarefied air somewhat resembles 
the aurora, and it has been found that this discharge can 
be made to circle round the pole of a magnet, as the auro- 
ral arch does round the magnetic pole of the earth. 



SUMMARY. 

When unlike substances are rubbed together, electricity 
is developed. Electricity thus generated is C3.\\sd frktionai 
electricity ; and an instrument for generating it is called an 
electrical machine. The positive conductor of the machine 
corresponds to the positive pole of the cell, and the nega- 
tive conductor to the negative pole ; and the friction be- 
tween the rubber and the plate takes the place of the 
chemical action.. 

Frictional electricity has slight quantit)', but enormous 
tension ; thus contrasting strikingly with voltaic electricity, 
which has slight tension, but enormous quantity. Magneto- 
electricity, in this respect, stands midway between the two. 
(283-285.} 

Two opposite electrical forces are developed on work- 
ing the electrical machine, one appearing on each of the 
conductors. It is impossible to develop one kind of 
electrical force without at the same time developing the 
opposite. (287, 288,} 
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The small quantity of frictioaal electricity renders a 
galvanometer unfit for examining it. It is best examined 
by its attraction and repulsion of light bodies, a property 
which is due to its intensity. An instrument for examin- 
ing the quality of frictional electricity is called an ekctra- 
sCDpe. (3S6.) 

A body \% polarized when it has opposite electrical forces 
developed on opposite parts ; it is charged when It has 
only one electrical force upon it; and it is neutral when 
it has none upon it. 

A charged body polarizes all insulated conductors near 
it, developing upon the face of the conductor nearest itself 
the opposite electrical foice to that with which it is it'^elf 
charged. When several nisulated conductors placed m a 
row are polarized by the same bod>, there mil alwa\s be 
opposite electrical forces developed on the parb which 
face one another. When insulated conductors are thus 
polarized, they tend to discharge their opposite forces into 
each other, and thus to become neutral II the) are so 
arranged that they can discharge one of their forces more 
readily than the other, thej become first chargeil and then 
neutral. If they can discharge both forces nith equal 
readiness, they become neutral as soon as the\ have be- 
come sufficiently polarized to eltect discharge {289 ) 

The polarized condition of an insulated conductor de- 
pends upon the non-conducting medium winch separates it 
from the charged body, as is shoun by changing the 
medium. Every time the medium is changed, the polar- 
ized condition is changed (290 ) 

According to Faradaj's theory, m all electnci! action 
the molecules of matter act like msulaled conductors 
When these molecules are so situated that they are readily 
polarized and discharged, the substance is called a con 
ductor; when they become polarized and effect dischirge 
with difficulty, a non-conductor. Thus non-conductors are 
only poor conductors. (291, 294.) 



3d b, Google 



276 

When a very light insulated conductor is suspended be- 
tween two polarized conductors, it is first polarized, and 
then discharges alternafely into each of the conductors. 
In effecting this discharge it is thrown into comrriotion. 
The light of the electric spark, and the heat developed in 
a conductor on the passage of the electric current, show 
that molecules are also thrown into commotion on dis- 
charging their forces. {292-) 

When discharge takes place between the molecules of 
compound liquids, these molecules are not only thrown 
into commotion, but are also broken up, as is seen in elec- 
trolysis. (296.) 

The discharge which takes place between the molecules 
of a non-conducting substance is called disruplive discharge; 
that between the molecules of a conductor, conductive dis- 
charge; and that between molecules of a compound liquid, 
electrolytic discharge, {zgz, 296.) 

Polarization is carried on most strongly in the direction 
of tlie least resistance, as is shown by the passage of the 
spark between two conductors. The charge which a body 
can receive depends upon the readiness with which it 
can carry on polarization, as is shown in the case of the 
Leyden jar. (399, 301, 302.) 

■\Vhen a spherical conductor which can carry on polari- 
zation with equal readiness in every direction is charged, 
the electric force spreads uniformly over its surface ; but 
when it can carry on polarization more readily in some 
directions than in others, the charge accumulates at those 
points. This explains why the charge of the Leyden jar 
remains on the surface of the coatings next the glass. 
Since polarization is carried on most readily in the direc- 
tion of least resistance, the charge tends to accumulate 
at the ends of oblong conductors, and especially on points. 
(298, zoo.) 

The action of points on charged bodies is peculiar. 
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They convey the charge off silently by cofivedive discharge. 
This explains one of the uses of lightning-rods, which are 
always pointed at the upper end. They thus convey off 
much of the charge from their neighborhood silently. 
They also furnish a path of less resistance between the 
cloud and the earth than the building. (305, 308.) 

A cloud and the surface of the earth often act as the 
two coatings of a Leyden jar, and the air between as the 
glass of the jar. In this case the discharge takes place 
between the cloud and the earth. At other times two 
clouds act as the two coatings, and the discharge then 
takes place between tlie clouds. How the clouds become 
charged is not well known. (307.) 

The Aurora seems to be an electric discharge in rare- 
fied air. {309.) 
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CONCLUSION. 

We have now become somewhat acquainted with the 
force called Electricity. We first found it in the wire 
that connected the carbon and zinc of a Bunsen's cell. 
We have learned that tiiis force has two qualities which it 
does not always possess in the same proportions ; the one 
enabling it to turn a magnetic needle, and called its ^uan- 
iity ; the other enabling it to overcome resistance, and 
called its intmsity. 

A further study of the action of the .electric current on 
the magnetic needle explained the operation of the galva- 
nometer, which is the most delicate instrument for measur- 
ing the quantity of the electric force, and also of the needle 
telegraph. We next discovered that the electric current 
has power to develop magnetism in a piece of iron, and 
also in the wire through which it is flowing. A further ex- 
amination of this subject explained the action of electro- 
magnets, and some of the ways in which they are used as a 
motive power, including Morse's telegraph, the electric fire- 
alarm, and electric clocks. A fuller consideration of elec- 
trolysis, which had already been illustrated in the decom- 
position of water and muriatic acid, explained the pro- 
cesses of electrotyping and electro-plating, and also the 
action of Bain's electro-chemical telegraph. We then 
noticed the power of the electric current to develop heat, 
and saw how this power can be employed in, blasting and 
as a source of light. 

Having thus considered somewhat the action of the 
electric force, we next sought after its sources. We found 
that whenever two unlike bodies are brought together, and 
any change is effected at their point of contact, electricity 
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is generated. When this change is brought about by 
chemical action, we obtain voltaic electricity ; by heat, 
thermo-electricity ; by friction, frictional electricity. We 
found also that electricity may be developed by magnetism, 
and that it is then called magneto-electricity. While con- 
sidering each of these kinds of electricity, the instruments 
employed for developing it were described, and their action 
explained. 

While we were studying frictional electricity, we became 
acquainted with Faraday's theory of electrical induction, 
which explains all the phenomena of electricity by sup- 
posing that the molecules of matter act like little con- 
ductors more or less insulated according to the conducting 
power of the bodj'. 

This mysterious force, which we can generate on a small 
scale by the above methods, and whicli has become of the 
greatest importance in its practical applications, is de- 
veloped on an enormous scale in nature by processes of 
which we know little or nothing. The sparks of o most 
powerful electrical machines, and the nost b 11 a t d s 
charge which we can obtain through a cuun t be are 
but miniature representations of the 1 „1 g a 1 t! e 
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I. (page 17.) A nipper-tap is a convenient substitute for a 

stop-cock. By means of it a rubber tube can be pinched 

close. Two kinds are shown (full size) in Figures 117 and liS. 

In one the tube 

is compressed by 

the other, by a 

Tlie U-tube 
used in this and 
similar experi- 

the bend a tubulature to which the rubber tubing can be 
fastened. A convenient size for U-tubes of this kind is about 
8 inches for the length of the arms, and about g of an inch inside 
diameter. The tube should be 
quite heavy, but not too thick. '^' 

For some purposes it is con- 
venient to have platinum wires 
passing into the tube near its 
closed end, for the attachment 
of battery wires. The wires 
should be separated about j^ of 
an inch within the tube. These 
wires interfere with the use of 
the tube in none of the experiments It is not necessary that 
the tube should be mounted on a stand; it can be held equally 
well in tlie clamp of ati ordinary wooden retort-holder. 
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These U-tubes can be obtained at slight cost from any glass- 
blower. We have found that Mr. Charles Siefert, corner of 
Washington and State Streets, Boston, does such work very 
well, and at reasonable rates. 

We would say generally that all chemical ware which need 
not be made to order eaji be obtained very promptly, and at fair 
prices, from George Quettier, 193 Greenwich Street, New York 
City. Wooden retort-holders and little adjustable stands, which 
are very convenient (see Figures 22, 27, etc.), can be best ob- 
tained at a cabinet-maker's. Mr. J. G. Bicknell, of Cambridge- 
port, does such work excellently and cheaply. 

2. (page 29.) Gases, like ammonia and muriatic acid, which 
are absorbed by water, must be collected over mercury. For 
this purpose small glass cylinders are convenient, from I inch 
to ij inches in diameter, and from 5 to 7 inches high. They 
should be strong and should have the mouth well ground, and 
should be provided with covers of ground plate-glass. Sucli 
cylinders can be obtained from Quettier, of New York. 

For the experiments of this book we think a mercury trough 
a needless luxury. An evaporating dish of Beriin porcelain 
answers every purpose. One five inches in diameter is large 
enough to use with tlie cylinders mentioned above. It should 
be set in a shallow dish of strong glass or earthen ware, to 
prevent loss of mercury in case of accident. It should then be 
filled nearly full of mercury. The cylinder to be used is next 
filled with mercury to the brim. The ground-glass cover is then 
placed on the mouth of the cylinder and held firmly with the right 
hand, the cylinder inverted, and its mouth plunged beneath the 
mercury in the evaporating dish. It is well to put the cylinder 
in a strong dish when you are filling and inverting it, to save 
any mercury which may be spilled. Afl;er the cylinder is filled 
and inverted over the mercury in the dish, the plate is slipped 
from its mouth, and the cylinder is securely fastened in the 
clamp of a retort-stand, so that its mouth is held about | or J 
of an inch above the bottom of the dish. 

To fill the cylinder with ammonia gas, a little aqua ammonia 
is put into a flask provided with a delivery tube, and gently 
boiled. To the delivery tube is attached a piece of rubber tub- 
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ing fo connect it with tlie cylinder. A short piece of glass tub- 
ing with its end slightly turned up must be fastened to tlie end 
of the rubber tube, so that the gas may be introduced into the 
cylinder through the mercury. On first boiling tlie aqua am- 
monia, a large amount of air passes over .from the Hask. The 
ammonia gas must not be collected until this has all passed 
over. To determine when this has taken place, put the glass 
tube at the end of tlie rubber tube into a vessel of water ; when 
heat is first applied to the flask, bubbles of gas will rise from 
the end of the tube through the water as long as any air comes 
over. When the air is all over, the ammonia gas is absorbed 
b h m bubbles rise to the 

rf A ai plunge the end of 

g uce it under the 

m h d T g o the jar and dis- 

A m b d h n ated in the flame 

a mp nd p d d h of the mercury a 



Boxwood charcoal can be readily made by heating bits of 
boxwood in a copper flask till they cease to fume. 

3. (page 33.) Gases, like hydrogen and carbonic acid, which 
are not absorbed by water, or but slightly so, can be collected 
by first filling the vessel with water, and inverting it with its 
mouth under water. The tube through which the gas is escap- 
ing is introduced under the mouth of the jar, and the gas rises 
and fills the jar. 

For collecting gases that ate not absorbed by water a finm- 
malic trough is useful and almost indispensable. This appa- 
ratus consists of a vessel deep enough to allow of fUIing and 
inverting under the water any of the jars ordinarily used. A 
shelf perforated with holes extends across the vessel about an 
inch under the surface of the water. After the jar is filled with 
water and inverted, it is set upon the shelf over one of the 
holes. The delivery tube is then passed into this hole, and the 
jar filled. It is convenient to have a shelf large enough to hold 
several jars after they have been filled with gas. 
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A pneumatic trough should be made of copper. Zinc is much 
cheaper, but less durable. 

In the experiment described in section 44, the lower bottle 
should be first filled with carbonic acid, by first filling it with 
water and inverting it over water, and introducing into it the 
delivery tube of the bottle in which the gas is prepared (see 
Figure 38, page 103, and the accompanying description). Wlien 
full, it slwuld be closed with a good cork while its mouth is still 
under water, and, placed in the position shown in Figure 15. 
The tube which is to connect the two bottles should then be 
passed through tlie cork of the bottle which is to be filled with 
hydrogen, and a cork accurately fitting tlie carbonic-acid bottle 
should be pressed upon the other end of the tube. The tube 
and bottle should then be filled with water, inverted over water, 
and filled with hydrogen by introducing into it the delivery tube 
of a hydrogen generator. When it is filled, close the tube with 
the thumb, and carry it to the bottle of carbonic acid. Remove 
the cork of this bottle, plunge the tube into it, and fasten it 
firmly by means of the cork already on the tube- The tube and 
bottles can then, be arranged as in the figure, by means of a 
T\ir irn refort-holdgr. 

Hydrogen is most readily prepared by the 
action of dilute sulphuric acid on zinc. The 
most convenient apparatus for the purpose is 
the self-regulating generator shown in Figure 
1 19. It consists of a glass vessel closed with 
a metallic cap. A bell-shaped glass vessel 
open at top and bottom is fastened to this cap 
by an air- tight joint. A lube clo.sed by a stop- 
cock passes through the cap into the bell- 
shaped vessel. A copper bucket perforated 
with fine holes is hung from a hook inside 
this vessel. This bucket is filled with shreds 
of sheet zinc or bits of granulated zinc. The 
outer vessel is filled about two thirds full of 
dilute sulphuric acid (the ordinary oil of vitriol 
diluted with about ten parts of water). The metallic cap with 
the bell-glass attached is then put in its place, and the stop- 
cock opened. The air is first driven out, and the dilute acid 
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coming in contact with the zinc begins fo act upon it, and 
hydrogen is given off in abundance. Wlien sufficient hydrogen 
has been obtained, the stop-cock is closed, the hydrogen gener- 
ated collects in the upper part of the bell-glass, and drives the 
acid out. As soon as llie acid is driven out, the action ceases 
until the stop-cock is opened again, and the hydrogen allowed 
to esL-ape. By means of rubber tubing the hydrogen can be 
conveyed from the generator to the jar or vessel in which it is 
to be collected. When hydrogen is to be burned, the greatest 
care must be taken that ail the air is driven out of (he apparatus 
before the gas is collected. Hydrogen may also be prepared 
from zinc and sulphuric acid in a bottle similar to the one used 
for the preparation of carbonic acid. 

The action of sulphuric acid on zinc is shown by the follow- 
ing equation ; — 

Zn + Hj Se, = Zn SO4 + 2H. 
When sulphuric acid and water are mixed, great heat is devel- 
oped. Care must be taken, tiierefore, to mix them very gradu- 
ally. It is better to pour the acid into the water, than the 
water into the acid. 

4. (page 33-) Lime-water is prepared by carefully slaking or- 
dinary lime, then dissolving it in water, and tillering it Water 
will dissolve but a small quantity of lime. 

When lime-water is mixed with carbonic acid, the reaction 

-Cae, H^e + €^, = €ae, €^2 + H^e. 
The white carbonate of calcium formed is insoluble in water j 
hence the liquid becomes milky. 

;. (page 34.) The bell-jar can be filled with hydrogen by the 
method described above (3). A ground-glass plate is held to its 
mouth when it is removed from the trough. When brought 
over the cup, the plate is removed, and the jar lowered into the 
position shown in the figure. The hydrogen is so light that it 
has little tendency to escape at the mouth of the jar. Regular 
bell-jars are desirable in such experiments, but in this and 
many other cases ordinary specie jars or candy jars will 
snawer the purpose. 



3d b, Google 



283 APPENDIX. 

6. (page 34.) The diffusion of gases has been accounted for 
by the action of the repulsive forte. Two gases, hydrogen and 
carbonic acid, for instance, are brought in contact with each 
other. The molecules of each of these gases are, as we have 
seen, a good way apart, and they tend to separate still farther, 
owing to the excess of the repulsive force. If there is no repul- 
sive force acting between the molecules of carbonic acid and 
those of hydrogen, die molecules of hydrogen will of course 
work their way between and among the molecules of carbonic 
acid, and those of carbonic acid among those of hydrogen. 

When a beim of ?unlii>-ht enters a darkened room the dust 
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cules in this state, since we have found it to exist in every 
other. Of course the excess of the repulsive force in this state 
and the constant agitation of their molecules would cause gases 
to diffuse more readily than Kquids. 

7. (page 4t.) A small Grove's battery (269), of from four to 
six cells, answers very well for this and similar experiments ; 
but Bunsen's battery (222, 269) is the most convenient, not only 
for these purposes, but for all the ordinary experiments in 
electricity. 

For electrical experiments, except those with Ruhmkorff's coi! 
(275-277), and the electric lamp (264), six Bunsen ceils of me- 
dium size are amply sufficient For working a large coil ten or 
twelve such cells are needed, and for the electric light from 
forty to fifty. 

The sulphuric acid used in these batteries is diluted with from 
twelve to sixteen parts of water. 

The water to be decomposed {47) must be slightly acidulated 
with sulphuric acid. 
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Any form of decomposing cell answers the purpose. If the 
one represented in Figure 19 is used, it is better without the 
stand than with it. In performing this experiment, remove the 
little bell-jars, and immerse the U-tube in acidulated water so 
as to fill it ; then fill the bell-jacs and put them into the arms 
while still under water. 

8. (page 41.) We have found the following method most con- 
venient for showing the composition of water by synthesis. A 
tubulated retort holding about a quart is first filled with oxygen 
by allowing a stream of that gas to pass through it for some 
time. The oxygen is introduced by a tube passing through a 
cork which accurately fits the tubuiature. The neck of the re- 
tort is at the same time closed by a cork through which passes 
another glass tube. A rubber tube connected with this end 
opens under water. As the oxygen passes through the retort, 
the air is driven out, and since the rubber tube opens under 
water no air can enter. After the retort is filled with oxygen, 
the cork is removefl from the tubuiature and the glass stopper 
replaced. The retort is then inverted, and fastened to a clamp 
with its neck inclined so that water or other liquid can easily 
run down to its mouth. The rubber tube is then introduced in- 
to ajar of oxygen inverted over the trough. A cork which ac^ 
curately fits the tubuiature is then fitted over the jet of an oxy^ 
hydrogen blowpipe (130). The oxygen and hjdiogen are then, 
allowed to escape from the jet and are ignited the flow of the 
gas being regulated so as to give quite a small flame. The 
stopper is then removed from the retort and the blowpipe jet 
introduced. We then have oxygen and I vdrogtn burn ng in an 
atmosphere of oxygen. The neck of the retort is kept cool by 
wrapping a cloth round it, and allowmg a stream of water to 
trickle down upon it. A liquid soon runs down into the neck of 
the retort and collects at the cork. After a time this liquid may 
be caught in a test-glass; and it may be shown to be water by 
putting a bit of potassium in a porcelain dish and dropping a 
little of the liquid upon it. The end of the retort is connected 
with the jar of oxygen by the rubber tube, in order to maintain 
a uniform pressure within the retort, and at the same time to 
prevent the air from entering it. The water produced must 
13 s 
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of course be the product of the combination of oxygen and 
hydrogen. 

A simpler though less satisfactory way of performing this 
experiment is to infroduce the lighted blowpipe jet into the tu- 
bulature of the retort arranged as above, except that it has not 
been filled with oxygen, and its mouth not connected with ajar 
of oxygen. The water soon trickles down the neck of the re- 
tort, and may be collected in a test-glass. In this case a string 
must be wound tightly round the neck of the retort near its 
mouth, to prevent the water oti the outside from flowing off at 
the end. 

The management of the oxy-hydrogen blowpipe is explained 
in section 130, and Appendix, 23. 

Oxygen is most readily prepared by mixing chlorate of potash 
■with one fourth its weight of black oxide of manganese (205), and 
heating the mixture in 3 iiask of glass, or better of copper. The 
explosions which sometimes occur when oxygen is prepared 
by this process are probably due to impurities, like carbon and 
compounds of antimony, in the black o^ide of manganese. 
These impurities may be in great part burned off by "heating the 
oxide to redness. 

The oxide seems to take no part in the reaction, which is as 
follows ; — • 

KCIOa = KCI -f 30, 

9. (page 43.) The following is the most convenient way of in- 
troducing the gases into the tube. Tlie tube is first filled with 
water ; a fine glass tube is then introduced into the open end, 
and connected by means of a rubber tube with a hydrogen 
generator. The hydrogen is allowed to escape very slowly 
into the U-tube, which must be held inclined with the closed 
arm uppermost, so that the gas can bubble up into this arm. 
In order that no air may get into the U-tube, it must be kept 
under water in the vessel in which it was first filled with 
water; and this vessel must be large enough and deep enough 
for doing tliis conveniently. Tlie small glass tube connected 
with the hydrogen generator is also plunged into this same 
vessel of water, aJid the hydrogen allowed to pass through it 
until we are certain that the air is all out; it is then introduced 
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into the open arm of llie U-tube without n 
water. The whole can then be removed from the water, and the 
hydrogen allowed to pass ioto the closed arm. After sufficient 
hydrogen lias passed into the tube, its quantity is marked by 
pasting a bit of paper on the arm of the tube. Oxygen is then 
introduced in the same way ; but as the oxygen cannot be gen- 
erated steadily enough to fill the tube, it must be first collected 
in some suitable vessel. The most convenient vessel is a tu- 
bulated bell-jar. The glass tube lliat passes into the open arm 
of the U-tube is connected with the bell-jar by means of a stop- 
cock. The stop-cock is then opened, and the bell-jar pressed 
down into water. This forces the gas out, and with care it can 
be made to pass out in a very gentle stream. 

Care must be taken that all the air is driven out of the flask 
before the oxygen is collected, and also that the air is driven 
out of the glass tube before it is inserted into the U-tube. To 
insure this, the same precautions must be talien as above de- 
scribed when the hydrogen was introduced. After the oxygen 
is introduced, the space occupied by the mixed gases is also 
marked by pasting a bit of paper on the tube. The arm of the 
tube should never be filled more than two thirds full. 

The electric spark is passed through the mixed gases by 
charging a Leyden jar, and connecting its outer coating with 
one of the platinum wires, and then bringing the knob in con- 
tact with the other. As the gases combine explosively, the 
thumb must be held firmly on the open end of the lube at the 
time of the passage of the spark ; and to guard against breaking 
the tube, the open arm should be filled with water only within 
two inches of the top. The air between the water and the 
thumb serves as an elastic cushion. Before measuring the 
residual gas, tlie water must he brought to the same level in 
each arm, either by pouring in more water, or by opening the 
nipper-lap and allowing some of the water in that arm to es- 
cape. To examine the residua! gas, the open arm of the tube 
must be completely filled with water and firmly closed with the 
thumb, and the tube so inclined as to transfer the gas to this 
arm. It will be difficult to introduce just half as much oxygen 
as hydrogen; but this is not necessary, since we need only 
show that just twice as much hydrogen as oxygen is always 
ased. 
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10. (page 44.) For the preparation of chlorine see 13 below. 

The decomposition of water by chlorine may be effeetetl by 

the apparatus shown in Figure 120. " In the larger flask chlo- 




rine is evolved from hydrochloric acid by means of black oxide 
of manganese, and the gas escaping from this flask is caused to 
bubble through hot water contained in t!ie smaller flask. The 
chlorine, thus saturated with steam, is then passed through a 
porcelain tube heated to redness in the furnace. The gas which 
escapes from the red-hot tube is easily recognized as 3 mixture 
of oxygen and hydrochloric acid. To separate these two gases, 
it is only necessary to connect with the furnace-tube a wash- 
bottle filled with water (or solution of soda), which absorbs 
and retains the hydrochloric acid, allowing the pure oxygen to 
pass on through the delivery-tube into tlie inverted cylinder." 
(Hofmann.) 

Instead of the furnace represented in the figure, it is conven- 
ient, where gas can be had, to use one similar to that shown in 
Figure 32 (page 66). This consists of a row of burners, above 
which is a sheet-iron casing (not shown in the figure) for en- 
closing the tube. The casing is pierced with holes below, so 
that the flame may come in direct contact with the tube. 

Since porcelain tubes are very liable to break, the above is 
on the whole an unsatisfactory experiment. A simpler method 
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of showing that chlorine can set oxygen free from water is to fill 
some flasks with chlorine water, invert them in shallow vessels 
filled with water, set them in direct sunshine, and allow them to 
stand a day or so. Oxygen is set free in minute bubbles, and 
collects in the flasks. It can be tested in the ordinary way. 
The chlorine water is prepared by filling the flasks with water, 
and causing chlorine to pass through them until the liquid 
acquires the characteristic color and smell of that gas. 

II. {page 50.) Precisely the same precautions to prevent any 
air from going into the cyiinder must be taken here as in filling 
ajar with ammonia gas (2). Everything in this process is iden- 
tical with the one there described. Of course the mouth of the 
jar must be closed with the glass plate when it is removed 
from the mercury and introduced into the water. See Figure 



Sodium amalgam, used in the 
next experiment (page 51), if it 
cannot be bought, may be made 
by moderately heating some 
mercury in a small beaker glass, 
and adding cautiously and slow- 
ly bits of sodium. The experi- 
ment requires only a two-ounce 
botde two thirds full of the amal- 
gam; and to prepare this amal- 
gam would require only three 
or four bits of sodium of the 
size of a pea. All air should 
be driven from the flask before it 
amalgam botile. 




connected with the sodium 



iz. (page 52.) This apparatus can be filled with dilute muri 
alic acid by t!ie method described aboie (7) W hen the bell jar 
becomes filled with hydrogen, it should be remo\ed, el^e the 
hydrogea will pass across the bend into the other jar 

13. (page 52.) Three ounces of the powdered black o\ide 
of manganese, with half a pint of commercial murutic acid 
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diluted will) 3 ounces of water, will yield from 3 to 4 gallons 
of the gas. 

14. (page 54.) The composition of muriatic acid can be shown 
by the method described above (9) for showing the composition 
of water, though less accurately, since chlorine is quite soluble. 
If, however, the chlorine is introduced into the U-tube last, and 
the experiment performed rapidly, the results are sufficiently 
exact for class work. We always use this method, and iind it 
accurate enough, and on the ivhole much more satisfactory than 
the one given in the text. 

15. (page 56.) We have found it more convenient to use an 
ordinary test-tube in place of the test-bulb. The test-tube is 
closed with a cork through which pass two tubes, one to con- 
nect it with the drying-bottle, the other with the Jar in which 
the gas is collected. The first tube .must pass to within a 
quarter of an inch of the bottom of the test-tube ; the other just 
through the cork. Of course in all such experiments it is de- 
sirable to have the glass tubes merely pass outside of tlie cork 
far enough for attaching a rubber tube, so that the connections 
may be mainly of rubber; thus lessening the liability of acci- 
dent by breakage. 

A piece of potassium about the size of a pea is needed to de- 
compose ammonia enough to fill with hjdrogen a cjhnder one 
inch in diameter and five inches high The potassmm must be 
carefully dried from naphtha bj means of unsized paper before 
it is put into the test-tube. Alter it is put in the cork is re 
placed, the ammonia gently boiled m the flisk, and the gas 
allowed to run through the apparatus till the air is all driven 
out This can be ascertained by holding the end of the dehv 
ery-tube under water. So long as there is air coming o\er, 
bubbles rise to the surface of the water , when the air is all out, 
no bubbles rise, since the ammonia is absorbed by the water. 
The end of the delivery-tube is then held under the mouth of 
the jar in which the hydrogen is to be collected, and the end of 
the test-tube in which the potassium has been put is cautiously 
heated by means of the lamp. The potassium should be heated 
just enough to keep it in a molten state. If the hydrogen is col- 
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lected over water, the delivery-tube must be removed from the 
water before removing the lamp, else the water will absorb the 
gas in the tube, and flow back into the test-tube and break it- 

16. (page 65.) As phosphorus is a very inflammable sub- 
stance, aad as burns from it are very slow to heal, great caution 
must be exercised in using it. The sticks must always be cut 
under water, and it must be carefully dried, by pressing it be- 
tween pieces of unsized paper, before it is burnt ; else it will fly 
about in a very disagreeable and dangerous manner. It should 
always be lighted by touchipg it with a heated wire, never by 
holding it in the flame of a lamp. 

The above experiment may be performed as follows. A 
lump of chalk is cut into a cylinder some 3 inches high and IJ 
inches in diameter ; the top is hollowed out into a cup from ^ to 
I of an inch deep. This cylinder is placed upright in a shallow 
dish partially Kled with water. A piece of phosphorus about 
the size of a large bullet is placed in the cup, and igniled by 
touching it with a red-hot wire. A jar of oxygen is then quickly 
inverted over it. The jar should have a ground mouth, and the 
mouth should be closed with a glass plate, which is removed 
just as the jar is inverted. The best effect of the light is ob- 
tained in a glass globe ; but, as the jar is liable to get broken in 
the experiment, we ordinarily use a good-sized specie jar. After 
being lilled with oxygen, the jar should stand till it has drained 
quite dry. 

17. {page 65.) Asbestos is an incombustible mineral substance, 
of a fibrous structure, somewhat resembling flax. When it is 
platinised it is coated with a film of platinum powder. It 
should be enclosed in a short tube of hard glass. The gases 
are mixed in a tubulated bell-jar over the water-trough, aad the 
tube containing the pladnized asbestos is connected with the 
stop-cock of the bell-jar. The asbestos is heated by means of a 
lamp, and the mixed gases forced through it by opening the 
stop-cock and pressing the jar down into the water. 

i3. (page 66.) In this experiment the jars should be as dry 
as possible, since the red fumes are absorbed by water, and 
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quickly fade out when there is water on the sides of (he jars. 
A jar is iirst filled w tli nitrous otide and placed upright with 
its mouth coiered wilh a glass plate (see Figure 34, page 96). 
Ajar of half the capacity is then filled with oxygen, and placed 
inverted apon the glass plate covering the other jar. The plate 
is then removed, and the mouths of the jars brought together. 
The jars should be of the same diameter, and their mouths 
should be carefully ground, so as to prevent the fumes from es- 
caping into the room. These red fumes are very poisonous. 

19. (page 66.) A piece of an iron gas-pipe (} inch is a good 
size) is better than a porcelain lube for this experiment, since it 
is less liable to break ; and a retort is better for boiling the acid 
than a flask, as the fumes act upon the cork. The neck of the 
retort is run into the iron tube, and the joint made air-tight by 
means of putty. It is necessary to insert a large glass tube in 
the tube which delivers the gas from the heated lube, in order 
to show the red fumes. 

Marsh-gas pure enough for ordinary purposes may be very 
easily and cheaply prepared by passing the vapor of alcohol 
through the red-hot iron tube of the apparatus just described. 
The alcohol may be boiled in the retort, and it is well to pass 
the gas several times through the tube. We recommend this 
way of obtaining the gas, as the mixing of the lime and caustic 
soda for the other method is a disagreeable task. 

30. fpage 89.) This is usually called the law of eUctive affituty. 
The expression is objectionable, since we know of no chemical 
affinity that is not elective, 

21. (page 96.) Such a gas-burner may be arranged by bending 
a piece of glass tubing at right angles, and drawing one end to 
a tine opening. This is connected by a rubber tube to an ordi- 
nary gas-jet, and then the fine-drawn end is put up through one 
of the holes in the shelf of the pneumatic trough, and the gas is 
let on in a gentle stream, and lighted as it issues from the glass 
tube. A bell-jar of air is then Fnverted over it. To show that 
the water will rise in the jar, it is better to-shut off the gas be- 
fore it has ceased to burn, else the gas escaping into the jar 
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will take tlie place of fhat which has been removed by the 
burning. 

33. (page 96.) This experiment is best performed by putting 
a piece of well-dried phosphorus in a little porcelain dish which 
is floating on tlie surface of water, igniting it by means of a 
heated wire, and inverting a jar of air over it. Before intro- 
ducing the nifric oxide, care must be taken that the air has all 
been driven from the tube which dehvers this gas, else it will 
give a red color to the gas in tlie bell-jar. 

23. (page 100.) The gases are first mixed in a tubulated bell- 
jar. This can be easiJy done by filling the bell-Jar first with 
water, and then passing into it one meas- p;^ „, 

lire of oxygen and two of hydrogen. The 
rubber gas-bag is tiiea connected with the 
bell-jar by means of a stop-cock and con- 
necting screw, the. stop-cock is opened, 
and the bell-jar pushed down into the 
water. By this means -the gas is forced 
from the jar into the bag. 

The stop-cock of the rubber bag should 
always be closed before the bubbles are 
ignited, to prevent the possibility of set- 
ting fire to the gas. 

The construction of the gasometer is 
evident fi-om Figure 122. The lower jar 
is constructed with a core, so as to re- 
quire the least possible quantity of water. 
When the upper jar is down it is filled 
with water, and as it fills with gas it rises. 
The gas passes in through the tube seen 
in the centre of the core, which is con- 
nected with the stop-cock on the outside. 
It is forced, out again through the upper &^ ^ 

stop-cock of the same tube by means of weights placed on the 
top of the upper jar. 

In using the bell-Jar, especially with hydrogen, great care 
must be taken that all the joints are well packed and perfectly 
13* 
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air-tight; for when this gas is mixed with air it is very ex- 
plosive. Hydrogen should never be used long after it has 
been put into one of the jars, since it may become mixed 

24. (page 102.) A specie jar had better be used for this ex- 
periment, since it is very liable to be broken by the melted 
product of the combustion. Water should be left in the jar 
to the depth of an inch or two. 

It is convenient in this and the foUowiog experiment to have 
a disc of sheet tin or copper with a hole pierced in the centre. 
The end of the watch-spring is passed through the hole and 
then through a cork above, and thus fastened to the disc. 

25. (page ro2.) A deflagrating spoon may be made of brass 
or copper. It should be fastened to a metallic disc by means 
of a cork, as described above (24). The potassium or sodium 
must be well dried, and the oxygen must be thoroughly tvashed 
by passing it through a wash-bottle of water, and dried by drop- 
ping a few bits of fused chloride of calcium into the jar some- 
time before the experiment is tried. The potassium or sodium 
is put into the spoon, heated in the fiame of the lamp, and 
quickly plunged into the jar of oxygen, 

26. (page 116.) Of course the phosphorus must be scraped 
under water (16). The jar is cleansed from grease by pouring 
into it a little strong sulphuric acid, and turning the jar in such 
a way as to bring the acid in contact with every part of the sur- 
face. The jar is then thoroughly rinsed with clear water. The 
jar must be kept at a temperature of about 70° during the prep- 

27. (page 116.) SmaO pieces of diamond which are unfit for 
cutting can be obtained for about a dollar apiece, and answer 
very well for this striking experiment. Fine platinum wire is 
wound round the bit of diamond, and fastened to a larger wire, 
which is attached to a metallic disc. The diamond is then 
heated white hot in the flame of a lamp, and quickly plunged 
into a jar of oxygen. 
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A piece of graphite from a lead pencil answers very well for 
the experiment. It is fastened to a platinum wire in the same 
way as the diamond, heated white hot, and put into the oxygen- 
It burns much less brilliantly and for a shorter time, but usu- 
ally produces enough carbonic acid to give a decided reaction 
with lime-water. 

28. (page 88.) These examples have been chosen with special 
reference to their simplicity. It must not be supposed that all 
chemical reactions are equally simple. 

39. (page 120.) " It is from one of the nitrates that the acid is 
always obtained for chemical purposes. When nitrate of potas- 
sium is heated with a powerful acid, such as the sulphuric, 
mutual decomposition occurs. The potassium and the Iiydro- 
gen change places, forming sulphate of potassium and nitrate 
of hydrogen, or nitric acid : — 

2KNO3 + H.Se-j == K^Se^ + aHN-e,. 

The sulphate of potassium remains in the retort, whilst the 
more volatile nitric acid distils over, and may be condensed in 
the usual manner. The method of procuring nitric acid offers a 
good example of the general principle upon which acids which 
admit of being distilled without experiencing decomposition are 
obtained from their salts. In preparing nitric acid on the 
small scale, equal weights of nitre and oil of vitriol are placed 
in a glass retort and distilled. During the distillation red fumes 
appear in the retort, arising from a partial decomposition of the 
acid, and a formation of some of the lower oxides of nitrogen, 
whilst a yellowish corrosive liquid is condensed in the receiver; 
this liquid is concentrated nitric acid ; it fumes strongly in the 
air, and emits 3 powerful irritating acid odor. 

On the large scale, iron retorts, coated with lire-clay on the 
inside of the upper part, where they are exposed to the acid 
vapors, are employed for the distillation, and nitrate of sodium 
is substituted for nitrate of potassium, as it is a cheaper sal^ 
and likewise yields nine per cent more nitric acid than nitrate 
of potassium." (IMIlIer.) 
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30. (page 160.) The preparation of hydrochloric add is some- 
times a speeial branch of chemical manufacture. " It is easily 
prepared for use by placing in a capacious retort 3 parts of 
fused chloride of sodium in fragments, and introducing gradu- 
ally, through a bent funnel, 3 parts of oil of vitriol. If pounded 
salt be used, the action of the acid is apt to be too rapid. The 
retort is connected with a series of Woulfe's bottles; in the 
first,.a small quantity of water is placed to detain any impurities 
which might be carried over mechanically with the gas ; the 
second bottle may contain 4 parts of water, and should be im- 
mersed in a vessel of cold water, as the condensation of the gas 
is attended with a great disengagement of heat. On applying 
a gentle heat to the retort, the acid comes over and is con- 
densed ; an easily soluble add sulphate of sodium remains in 
the retort. For manufacturing purposes the decomposition is 
effected in iron cylinders, like those employed in the manu- 
facture of nitric acid, and only one half the quantity of sulphuric 
acid prescribed above is used ; — 

2NaCl + H.se^ := 2HCI + Na^Se^. 
The add in this case is in the proportion of one equivalent to 
each equivalent of salt, neutral sulphate of sodium remaining in 
the cylinder, whilst the add is condensed in a series of salt- 
glazed stoneware jars, arranged as Woulfe's bottles." (Miller,) 

31. (page 247.) Here, as elsewhere, we have described only 
one or two experiments, which serve to illustrate the principles. 
If the teacher has the apparatus for a larger number of experi- 
ments, he will of course make use of it at the proper point; if 
he has not, it is hardly worth while that the pupil should learn 
descriptions of experiments which he never witnesses. 

A very pleasing illustration of the electric light in rarefied air 
is afforded by the " guinea and feather tube " used in pneumatic 
experiments. If the ends of the tube are connected with the 
poles of the inductorium (or with the electrical machine) purple 
flashes of auroral light mark tlie passage of the current through 
the tube when the air is exhausted. In all experiments of this 
kind, the room should be darkened. 

Gassioi's ca-'cade is a simple and inexpensive piece of appara- 
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tus for showing the electric light in a vacuum. It consists of a 
large glass goblet (uranium glass is best), the inside of which is 
coated nearly to the top with tinfoil. Place the vessel on. the 
plate of the air-pump, cover it with a receiver which has a 
sliding rod through the top, bring the sliding rod in contact 
with the tinfoil coating, and connect one pole of the induc- 
torium {or one conductor of the electrical machine) with the rod, 
and the other with the pump-plate. When the air is exhausted, 
and the current sent through the receiver, streams of blue light 
flow from the tinfoil over the side of the vessel to the pump- 
plate. A variety of beautiful effects are produced by different 
degrees of exhaustion, and by changing the direction of the 
current 

The apparatus known as the Abbi Nglkt's Globe also fur- 
nishes very pretty displays of the electric light in rarefied air. 
It consists of a glass globe suspended in tlie upper part of 2 
glass bell-jar, and arranged so that it can be partially filled with 
watery and connected with the inductorlum or the electrical 
machine by means of a chain dipping into the water. The light 
in this case flows in lambent streams from the globe to the 
pump-plate. 

A variety of pieces of apparatus for showing the electric light 
are made by pasting bits of tinfoil about ^ of an inch apart on 
glass, oiled silk, or other non-conducting substance. Letters, 
outline figures, etc., may thus be formed, which appear in lines 
of scintillating light when the current is sent through them. 

The pieces of tinfoil may be pasted in a spiral on the inside 
of a long glass tube, and lighted up in the same way. 

The diamond jar, as it is sometimes called, is a Leyden jar, 
the coatings of which are composed of small pieces of tinfoil, 
separated from one another. Brilliant sparks pass between 
these pieces when the jar is charged or discharged. 

If the knob of a common Leyden jar Is connected with one 
pole of the inductorium, and a wire from the other pole is 
brought near the outer coating of the jar, bright sparks pass in 
most rapid succession between the pole and the jar. The elec- 
trical machine may be used instead of the inductoriura in this 
experiment, but the effect is much less striking. 

The teacher will find many other experiments in the works 
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on Electricity mentioned in the Preface, especially in the little 
book of Ferguson's. To those who have KuhmkoriPs coil, we 
commend a litde volume by Noad, entitled " The Inductorluin," 
(London, John ChurcJiil! and Sons, 1866,) which describes a 
large number of beautiful and instructive experiments with that 
instrument. 

32. (page 22S.) The zinc used for battery purposes should in 
all cases be amalgamated. This may be done either by im- 
mersing the zinc in mercury, or by rubbing its surface with that 
metal. la either case the zinc should first be cleaned with di- 
lute sulphuric acid. 

It is well to amalgamale tlie zinc plates of a battery every 
time it is used, and the best time for doing this is when the 
battery is taken down after being used, as the zincs then need 
no cleaning. For amalgamating the zincs of a large Bunsen's 
battery, a cylindrical vessel of soapstone, made with a core and 
just large enough for immersing the zincs in the mercury, will 
be found convenient. With such a vessel, not more than forty 
pounds of mercury will be needed. After immersion in the 
mercury the zincs should be set to drain in an iron sink, the 
surplus mercury being caught in a vessel below. 
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FRENCH WEIGHTS AND MEASURES. 



LINEAR, MEASURE. 



Millimitre = 


3,03937 inch. 


or 0.003281 ft 


Centimhre = 


D- 39371 " 


" 0.032309 " 


Decimetre = 


.93708 " 


0.323090 '■ 


Mitre = 39.37079 " 


3280399 '■ 


Decamhre = 393-7079° " 


■' 32.803992 '■ 


Hectometre = 3937'°79°° " 


" 328,089920 " 


Kilomitre = 39370.79000 " 


" 32S0.899200 " 


SQUARE MEASURE. 




Centiare, or square metre 


== 


10.764299 square ft. 


Are, or 100 square mitres 


= 


075.439934 


Hectare, or 10,000 square 


metres, = 10764Z.953418 " 




CUBIC MEASURE. 




Milillitre, oi- cubic cenlime 


re = 


ao6io3 cubic incii. 


Centilitre, or 10 cubic cen 


timetres = 


6.10271 
61.02705 


Lilre, or cubic decimetre 


= 


Decalitre, or centlsfere 


= 




Hectolitre, or decistJre 


= 6 


102.70515 


Kilolitre, or stire, or cubic 


metre = 6 
WEIGHTS. 


027.05152 


Milligramme 


= 0.01543 Troy grain. 


Centigramme 


= 0.15432 






= I.543I3 






= '5-43235 




Di^cagramme 


= 15432349 


" 


Hectogramme 


= 1543-23488 


" 


Kilogramme 


= 1S432-34SS0 


" 


E^= In all these tables 


10 of each denom 


nation malie i of flie 
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QUESTIONS FOR REVIEW AND 
EXAMINATION. 



COHESION. 

I. What are molecules? 2. Prove that molecules are ex- 
ceedingly minute. 3. Show that they are not in actual contact. 
4. What is probably true of the spaces between them ? 5. Show 
that an attractive force acts between the molecules of a body. 
6. Show that a repulsive force acts between the molecules of 
some bodies. 7. Show that these two molecular forces some- 
times act together. 8. What is supposed to be true of Ihem in 
all cases .' 9. What are the three stales of matter. 10. What 
is ihe relative strength of the two molecular forces in each ? 
ir. What is cohesion.' 12. What is adhesion ? 13. Show that 
these forces act only through insensible distances. 14. From 
what do the properties of solids result ? 15. What is meant by 
tenacity ? 16. How can tlie relative tenacity of different solids 
be determined? 17. When is a solid said to be hard? 18, 
When soft? 19. When is 3 solid said to be elastic? 2o. In 
what do solids differ, as regards elasticity ? ar. Whenisasolid 
said to be brittle ? 22. When ductile or malleable ? 23. Show 
that solids are somewhat compressible. 24- Show that the co- 
hesive force, when free to act, often arranges the molecules of 
a solid in regular forms? 25. Wha't are these regular forms 
called ? 26. Show that the molecules of a solid cohere more 
strongly on some sides than on others. 27. What are Rupert's 
drops? 23. Why must glass be annealed? 29. How is this 
done? 30. How is steel tempered? 31. What is the distin- 
guishing characteristic of liquids ? 33. What is true of the 
spaces between the molecules of a given body in the solid 
and in the liquid state ? 33. Prove this. 34. Show that liquids 
are but slightly compressible. 35. Show that the molecules 
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of liquids wlien left to themselves tend to collect into 
spheres. 36. What is the distinguishing characteristic of gases? 
37. Show that the molecules of a given body are farther apart 
in the gaseous than in the liquid slate, 38. Show that gases 
are readily compressible. 



ADHESION. 

39. Show that there is adhesion between solids and solids. 
40. Show that different solids adhere to each other with differ- 
ent degrees of strength. 41. Show that the adhesion between 
the solids is sometimes strong enough to overcome the cohesion 
of one of the solids. 42. Show that there is adhesion between 
solids and liquids. 43. What are (he three cases of this ad- 
hesion? 44. Illustrate each. 45. Show that the surface of a 
solid is increased by pulverizing it. 46. How is sugar refined ? 
47. What promotes solution ? 48. Prove this. 49. Show that 
different solids are not equally soluble in the same liquid, 
50. Show that the same solid is not equally soluble in differ- 
ent h quids. 51. Illustrate capillarity. ^2. What are the differ- 
ent cases of capillarity? S3- Show that the capillary force is a. 
very strong force. 54. Show that it never causes a liquid to 
flow through a tube. 55- Explain the action of a lamp-wick. 
56. Show that there Is adiiesion between solids and gases. 57. 
Show that the same gas adheres to different solids with difler- 
ent degrees of strength. 58. Show that the same solid adheres 
to different gases with different degrees of strength. 59. Show 
that there is adhesion between liquids and liquids. 60. Illus- 
trate the diffusion of liquids. 61. illustrate the osmose of 
liquids. 62. How may some cases of osmose be explained? 

63. Show that there is adhesion between liquids and gases. 

64. What helps a liquid to absorb a gas? 65. Explain this. 
66. Explain how by the agency of heat a gas can be separated 
from a liquid which has absorbed it. 67. Illustrate the diffu- 
sion of gases. 68. Illustrate the osmose of gases. 
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CHEMICAL AFFINITY. 

69. What takes place when potassium or sodium is thrown 
upon water? 70. What gas is thus set free from the water? 
71. How can this gas be recognized? 72. Prove tliat there is 
oxygen in. water. 73, Prove that hydrogen and oxygen are the 
only substances in water. 74, What are compound substances? 
What are elements? 75. What is Affinity? 76. How does it 
differ from Adhesion ? 77. Show that tliere are two measures of 
hydrogen in water to one of oxygen. 78. Show that affinity is 
Stronger between some substances than others- 79. Show that a 
molecule of water can be divided into three, and only three parts. 
80. What is an atom ? 81, What are the relative weights of the 
smallest parts into which hydrogen, oxygen, sodium, potassium, 
and chlorine can be divided ? 8z. How do we know that an 
atom of oxygen weighs sixteen times as much as an atom of 
hydrogen ? 83. What is the threefold divisibility of matter ? 
84. What is taken as the symbol for an clement ? 85. What 
does it indicate ? 86. How is the symbol of a compound 
formed ? 87. What does it indicate ? 83. Show that ordinary 
muriatic acid contains a gas. 89. Sliow that this gas is readily 
soluble in water. 90. Prove that this gas contains hydrogen. 
91. Prove that muriatic acid contains chlorine. 92. Prove that 
muratic acid contains only hydrogen and chlorine. 93. How 
can chlorine be recognized? 94. Show what proportions 
of hydrogen and of chlorine are contained in muriatic acid. 
95. Show that a molecule of muriatic acid contains only two 
atoms. 96. Show that an atom of chlorine weighs 35.5 times as 
much as an atom of hydrogen. 97. Prove that ammonia gas con- 
tains hydrogen. 98. Prove that it contains nitrogen. 99. How 
d ( h d f m tiie other gases that we have 

b q t d tl Prove that ammonia contains 

ly l)d d t 01. Show the proportions of 

l)d d t mm nia. 102. Show that a mole- 

1 f mm ta 4 t ms, of which 3 are hydrogen. 

3 SI th t th t m w ht of nitrogen is 14, 104, How 
may marsh-gas be prepared ? 10;. Prove tiiat it contains car- 
bon. 106. Prove that it contains hydrogen. 107. Prove that it 
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contains only those two elements. io8. What proportions of 
hydrogen and carbon in marsh-gas? log. Show that a mole- 
cule of marsh-gas contains 4 atoms of hydrogen and one of 
carbon. 1 10. How do the different elements compare with one 
another in their atom-fixing power ? 1 1 1. What is a monatomic 
element? iiz- A diatomic element? 113. A tdatomic ele- 
ment? 114- A letratomic element? 115. Name the monatomic 
elements. J16. Name the diatomic elements II7. The tri- 
aiomic elements. 118. The tetratomiL elements 119. Which 
of the elements have barred symbols ' 120 Show that nitric 
oxide contains oxygen. 121 Show that it contains nitrogen. 

122. Show also that it contains only oxjgen and nitrogen. 

123. Show that nitrous acid contains o\jgen 124 That it con- 
tains nitrogen. 125. Show that nitric acid contains oxygen. 
126. That it contains nitrogen 137 How do nitric oxide, ni- 
trous acid, and nitric acid differ from one anothei ^ isS. How 
do hydrogen and nitrogen differ m the compounds which 
they form.? 129. Show that the compounds of oxygen are 
sometimes bases, sometimes acids, and sometimes neutrals. 
130. How are acids which contain oi.jgen n-\med? 131. How 
are the bases and neutrals which contain o\>gen named? 
132. How do oxyacids and hjdracids differ? 133. Give the 
names and symbols of the leading hydracids 134. Of the 
leading oxyacids. 13;. Of the bases of each of the (bur groups. 

136. Of the sulphides of the metals of each of the four groups. 

137. Of the chlorides of the same. 13S. In what form do the 
oxyacids ordinarily exist? 139. Explain the two methods of 
writing the symbols of these compounds. 140, How do the 
bases usually exist? 141. Show how the symbols of these 
compounds of the bases are written. 142. How is the symbol 
for hydrate of ammonia usually written? (43, Explain this 
symbol. 144. What are compound radicals ? 145. What com- 
pound radicals are mentioned ? 146. Can they always exist 
in a free state ? 147. What are the name and symbol of the 
substance, formed out of nitric acid and soda? 148. What 
are substances which have an analogous composition called? 
149, Explain the two methods of writing the symbols of these 
compounds. 150. Explain the action of the hydrates of the 
acids upon the hydrates of the bases. 151. Illustrate this 
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action by showing Ihe action of the hydrates of sulphuric and 
nitric acid on the liydrate of a base in each of tlie four groups. 
152. Define normal, basic, and acid salts, 153. Define mono- 
basic, dibasic, and tribasic acids. 154, Explain the different 
ways of forming ternary salts. 15;. Give an illustration of 
eacli of these methods. 156. Show what is meant by substi- 
tution, by single decomposition, and by double decomposition. 
157. Show the action of hydracids on a base of each of the four 
groups. 158. What name is given to the binary compounds 
thus formed? 159- Explain the different methods of forming 
binary salts, illustrating each by an equation. 160. State the 
law of double decomposition. 161. Show that the products of 
the combustion of coal-gas, or of a candle, are carbonic acid 
and water, 162. Show that the coal-gas in burning removes 
something from the air. 163. Show that it removes oxygen from 
the air. 164. Show that the burning of coal-gas consists in the 
combination of the free oxygen of the air with the hydrogen 
and carbon of the gas. 165. Show that all ordinary combustion 
consists in the combination of the free oxygen of the air with 
the burning substance. 166. Show why a draft is necessary 
in stoves and furnaces. 167. Show that there is no real dis- 
tinction between combustibles and supporters of combustion. 
168. Show what fraction of the air is free oxygen. 169. Show 
that oxygen must be heated before it will combine with ordin- 
ary combustibles. 170. Illustrate the passive condition of oxy- 
gen at ordinary temperatures, and the energy with which it 
enters into combination when it is once roused to activity by 
means of heat. 171. Explain how combustion is self-sustain- 
ing. 172. What is meant by the point of ignition? 173. What 
is true of the point of ignition of different substances? 174. 
Show that the products of combustion are not always gaseous. 
17;. Show that the burning of metals in the oxy-hydrogen tlame 
consists in their combination with oxygen. 176. Show that 
some metals will burn in the air, 177. Show that oxygen is 
not the only supporter of combustion. 178. Show tliat the 
materials of the earth's crust are chiefly chemical compounds. 
179. Show that the materials of the earth's crust are results of 
combustion. 180. Show that free oxygen is not necessary to 
combustion. 181. Explain the reduction of metallic ores by 
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means of carbon. 182. What is the difference between slow 
and rapid combustion ? 183. What is the slow combustion of 
metala called ? 184. Show that the slow combustion of metals 
is attended with development of heat. 185. Show that decay 
is slow combustion. 186. Show that the decay of vegetable sub- 
stances develops heat. 187. Show that animals in breathing ire- 
move oxygen from, tlie air. 188. Show that carbonic acid is not 
the only product of respiration. 189. in what respects do the 
products of the rapid combustion of vegetable substances, and 
of their decay, and of respiration differ? 190. Show that vege- 
table substances contain carbon, hydrogen, oxygen, and nitrogen. 
191. Which are the chief elements found in vegetable substan- 
ces ? 192. How do animal substances differ from vegetable ? 
193. What are the three conditions of oxygen? 194. Explain 
how the decay of vegetable substances begins. 195. Show 
how ozone may be prepared, and how it differs from ordi- 
nary oxygen. 196. Show that other elements exist in condi- 
tions quite unlike one another. 197. What are these states 
called ? 19S. Explain how it is that the constituents of the air 
are constant. 199. Explain the growth of plants. 200, Show 
what fraction of the air is nitrogen, 201. Explain how nitro- 
gen can exist in the air in a free state. 202. Which are called 
the atmospheric elements ? 203. Why are they sometimes 
called organic elements ? Z04. What takes place when vege- 
table substances are heated in close vessels ? 205, Explain 
the properties of charcoal 206. What are the chief products 
of the destructive distillation of wood ? 207. Describe the 
chief ingredients of ivood tar. 208. Explain the formation of 
mineral coal. 209. What are the chief differences between 
anthracite and bituminous coal. 210. How has the probable 
formation of each of these varieties of coal been iiluslrated ? 
211. How do the products of the distillation of bituminous 
coal differ from those of the distillation of wood? 212. What 
three classes of substances are found in coal tar ? 213. What 
is the chief ingredient of the first ? 214. Of the second class ? 
215. Of the third class? 216. What is the symbol for benzole ? 
217. How is aniline prepared from beniole ? 218. Of what are. 
toluole and cumole tlie chief ingredients? 219. What is the 
probable origin of petroleum ? 220. State how it is obtained. 
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t of the early history of gas-lighting. 
223. Describe the manufacture of illuminating-gas. 223. Ex- 
plain the gas-meter. 224. What substances burn with ilanne ? 
225, Show that all solids which appear to burn with flame can 
be converted into inflammable gases by heat. 226. Show that 
tiie presence of a solid and intense heat are necessary to illumi- 
nation. 227. Show how these two conditions are fulfiiied in 
the burning of coal-gas. 228. Describe Buasen's lamp, and ex- 
plain its action, 229. What is the best shape for a gas-flame, 
and why? 230. Describe the Bude light, and account for its 
great brilliancy. 231, Show that the burning candle is a mini- 
ature gas-factory. 232. Describe the three parts of the candle 
flame. 233. Describe a mouth blowpipe. 234. Of what parts 
does the blowpipe flame consist? 235. Why is one part called 
the oxidizing, and another the reducing flame ? 236, What 
compounds are commonly known as the alkahes ? 23;, Which 
are called the fixed alkalies, and which is the volatile alkali? 
238. Show that soaps, oils, and fats are salts- 239. What is 
the difierence between hard and soft soaps ? 240. How is pot- 
ash prepared? 241. How was soda-ash formerly prepared? 
242. From what is it now made ? 243. What are the two pro- 
cesses in its manufacture? 244. Describe and explain each. 
245. How was sulphuric acid formerly made ? 246. Describe 
and explain its present manufecture- 247. Show that hydro- 
chloric acid is an incidental product of the salt-cake process. 
248. How is it now saved ? 249. What is the chief use of the 
chlorine which the acid contains ? 250. Explain this use, 

251. Explain the preparation and use of bleaching- powder. 

252. What are the chief products of the soda-ash manufacture, 
and what the chief materials used ? 253. What are the sources 
of common salt, and how is it obtained from each of these 
sources ? 254. What are the sources of sulphur ? 255. How 
is crude sulphur purified ? 256. What are the usual forms of 
sulphXir, and how Is each prepared ? 257. How is ammonia 
usually obtained ? 258. Describe the preparation of aqua am- 
monia. 259. How is sal ammoniac usually obtained? 
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ELECTRICITY. 

a6o. What is the distinguishing characteristic of a magnet ? 
Illustrate. 261. Show that the magnetic force resides chiefly 
at the ends of a magnet. 262, Show that the forces at the op- 
posite ends of a magnet act in opposite directions. 263. What 
is meant by the north and south poks of a magnet? Illustrate. 
264. What is the effect on a piece of soft iron of bringing it 
into contact with a magnet ? On a piece of steel ? 265. What 
is a loadstone ? 265. Whence does a magnet derive its name ? 
267. Of what are ordinary magnets made ? 268. What are their 
usual forms ? 269. State what takes place when a small hori- 
zontal or dipping needle is moved alongside a bar magnet. 
270, Show that the earth acts like a large magnet. 271. What is 
the effect of like and unhke poles of magnels on each other.' 
272. What name do the French give to the north pole of the 
magnet? Why? 273. How are magnets made ? 274. Describe 
3 cell of Bunsen's battery. 275. Prove that a force exists in 
the wire which joins the carbon and the zinc of this cell. 
276. What is this force called ? 277, Why is it often called a 
current ? 278. When we speak of the direction of the current, 
from which pole of the cell do we always consider it as start- 
ing? 279. What do we mean by the poles of the cell? 280. 
What is an electric battery? 28J. How many forms of the 
battery, and how do they differ ? 282. What is meant by the 
poles of the battery? 283. What by the circuit ? 284- Prove 
that the current meets with resistance in passing through fine 
wire. 285. How are Hubatanees divided as regards electrici- 
ty ? 286. What are the two qualities of electricity ? 287. De- 
fine each. 288. Does the electric force always possess these 
qualities in the same proportions? 289. Illustrate this last. 
290. What names are given to the two forms of the battery ? 
Why? 291. What is a rheotome ? arheotrope? Describe each. 
293. State the effect of the current upon the magnetic needle 
when it flows over, under, and around it. 293. Show that tlie 
pole of a magnet tends to rotate round a conductor through 
which a current is passing, and ■uice ■versa. 294. What is a 
rheoscope ? 295. When the current deflects the needle, what 
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:e does it have to overcome? 296. Describe the astatic 
needle. 297. Is the simple or the astatic needle more sensitive 
to tlie action of the current ? Why ? 298. Explain in what 
ways the needle can be made more sensitive to the action of 
the current. 299. Describe the astatic galvanometer. 300. De- 
scribe the tangent galvanometer. 301. What is a. telegraph? 
302. By what force are telegraphs worked ? 303. What are the 
four parts essential to every telegraph ? 304. Describe the 
needle telegraph. 305. When was this telegraph invented, and 
where is it used? 306. Describe the rheostat, and show how 
the resistance of a conductor can be determined by it. 307. In 
what way is the resistance of a conductor affected by its length 
and its diameter ? 308. Prove that the electric current has 
power to render a piece of soft iron temporarily magnetic. 
309. What is a helix ? 310. Whichendof the soft iron is made 
a north pole, depends upon what? 311, What is an electro- 
magnet? 312. What is the usual form of electro- magnets ? 
313. What is the strength of electro-magnets compared with 
that of constant magnets? 314- Show that the wire through 
which a current passes is magnetic. 3r5. Describe Page's 
rotating machine. 316. Upon what properties of constant and 
electro-magnets does its action depend? 317. Describe Fro- 
inent's electro-magnetic engine. 318. Describe Foucault's self- 
acting rheotome- 319. Explain its action. 320. Why have not 
electric engines come into general use ? 321. Explain how the 
electric force may be employed to regulate tlie motion of clocks. 
322. Describe the sending and receiving instrument of Morse's 
telegraph. 323. By what Other name is this telegraph known, 
and why ? 324, State the use of the local battery, and explain, 
the relay magnet. 32;. Explain how several stations are con- 
nected in one circuit- 326. Describe the sending and receiving 
instruments of the Combination Printing Telegraph. 337. Ex- 
plain how by means of the electric fire-alarm the location of the 
fire is telegraphed to the central station, 328. Explain how this 
location is telegraphed to the public. 329. Prove that the elec- 
tric current can decompose chemical compounds- 330. Define 
electrolysis, electrolyte, electrode, anode, cathode, ion, anion, and 
cation. 331. What is the anion and what the cation when water 
is decomposed ? 332. Show by an equation the decomposition 
14 
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of water by the eleclric current. 333. Show hy an equation and 
explain what takes place when sulphate of copper is decom- 
posed by the current, when the anode is of platinum, 334. The 
same, when the anode is of copper. 335. The same, when 
cyanide of silver is decomposed, and the anode is of platinum. 
336. The same, when the anode is of silver. 337. The same, 
when cyanide of gold is decomposed, and the anode is of pla- 
tinum. 338. The same, when the anode is of gold. 339. What 
is e lectro typing .'' 340. Explain the process. 341. What is 
electro-plating. 342. Explain the process. 343. What is elec- 
tro-gilding? 344. Explain the process. . 345, Describe tlie 
sending and receiving instruments of Bain's electro-chemical 
telegraph. 346. Describe the voltameter, and explain its use. 
347. Prove that the current develops heat, when it meets with 
resistance in passing through a, wire. 348. To what is the heat 
developed proportional ? 349. Explain how the electric force 
may be used in blasting. 350. Explain Duboscq's electric 
lamp. 351. What is true of the intensity of the light and heat 
obtained from this lamp? 353. Explain tlie electro- thermal 
telegraph. 353. When a piece of amalgamated zinc and 3 piece 
of platinum are joined at one end by a wire, and their free 
ends are plunged into dilute sulphuric acid, what is obtained ? 
354- What do two metals arranged in this way constitute ? 
355. Prove that in such cases the current is also passing through 
the liquid. 356. What is the direction of the current inside the 
liquid as compared with that outside ? 357. When the amalga- 
mated zinc and the platinum are joined outside the cup what 
action is going on in the inside ? 358. Explain this action in 
full by means of an equation. 359. What are the two theories 
with reference to the origin of the electric force of the cell ? 
360. Describe an experiment wliich proves that the current can 
be obtained without contact of dissimilar metals. 361. Prove 
that without chemical action there is no current ; and that the 
current starts, the moment chemical action begins. 362. Up- 
on what does the direction of the current always depend ? 
363. Which theory of the origin of the current in the cell is 
now generally received ? 364. How is the fact that there is no 
apparent chemical action in the cell before the current starts, 
while there is such action afterwards, explained by each tlieory? 



3d b, Google 



QUESTIONS FOR REVIEW AND EXAMINATION. 31$ 

365. Why is no current obtained when only one metal and one 
liquid are used ? 366. Why do not copper and zinc constitute 
so good a voltaic pair as platinum and zinc ? 367, Describe 
Grove's gas battery. 368. What general fact does it illustrate ? 

369, About which plate in the cell do the ions tend to collect ? 

370. Why do they not collect about the other? 371. What are 
the objections to tlieir collecting about either plate ? 372. What 
is the active plate in all ordinary batteries ? 373- What is the 
ordinary hquid used to act upon the plates ? 374. What is the 
ion that tends to collect about one of the plates ? 375- How 
is the collection of this ion about the plate prevented in Bun- 
sen's battery ? 376. How does Grove's battery differ from 
Bunsen's ? 377. To whom is the principle of this battery due ? 
378. Describe a cell of Daniell's battery. 379. Explain the use 
of the porous cup. 380. By what names is the electricity devel- 
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n nent of electrici- 
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d a each case de- 
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plishing what f 387. How many ways of doing this, and what 
are they ? 388. Describe a magneto-electric machine of each 
kind, and explain its action. 389. Describe Ruhrakorff's in- 
duction coil. 390. What experiment shows that the electricity 
obtained from this coil has much greater intensity than that 
obtained from the battery? 391. When 3 copper disc is rotated 
under a magnetic needle, what takes place ? 392. Ejjplain this 
action of the needle. 393. What takes place when a copper 
and iron wire are joined, and the junction heated or cooled ? 
394. How is this shown ? 395. What do two metala joined in 
this way constitute? 396. What name is given to electricity 
developed by heat ? 397. What is a thermo-electric battery ? 
398. What are the best metals for developing electricity by 
means of heat ? 399. What is the chief use of the thermo- 
electric pile ? 400. Prove that no current can be developed by 
heat, so long as only one metal is used, and this metal is homo- 
geneous throughout its whole length. 401. Show that it is 
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possible to develop a current by heat, by using only one metal. 
402. These and similar experiments lead to what general con- 
clusions ? 403. Describe the electrical machine. 404. Prove 
that electricity can be developed by friction, 405. What is true 
of the quantity and of the intensity of frictional electricity ? 
406. Prove this. 407. How does frictional electricity compare 
with voltaic eleclricity f 408. How does it compare with mag- 
neto-electricity ? 409. Why cannot a galvanometer be used in 
examining frictional electricity ? 410. Compare the electrical 
machine with the cell of a battery. 411. What is an electro- 
scope f 412. Describe two forms of the instrument, and the 
action of each. 413. Prove that two kinds of electricity are 
developed by the machine, and that these two kinds of electrici- 
ty are forces acting in opposite directions. 414. What names 
are given to these two kinds of electric force ? 41s. Give other 
illustrations of electricity developed by friction. 416. Prove 
that electricity can be developed upon conductors by fric- 
tion, as well as upon non-conductors. 417. Can one kind of 
electricity be developed without at the same time developing 
the other? 418. In what case is electricity developed by rub- 
bing two bodies together? 419. Describe in full the case of 
three insulated conductors arranged in a row between two balls, 
one of which is charged with positive and the other with nega- 
tive electricity. 420. When is a body said to be polarized ? 
421. When to be charged? 422. Whenneutrai? 423. What is 
meant by discharge ? 424. How must a polarized insulated 
conductor be situated to become charged ? 425. How to become 
charged with the same force as that on the polarizing body? 
426. How to become charged with the opposite force ? 427. 
Show that polarization of an insulated conductor depends upon 
the non-conducting medium which separates it from the charged 
body. 428. Give a full account of Faraday's theory of induction. 
429. Show that a light insulated conductor which is free to 
move between two polarked conductors is thrown into commo- 
tion on discharging its forces after being polarized. 430. Show 
that molecules of conductors and non-conductors are thrown 
into commotion when discharging their forces. 43 r. What is 
disruptive discharge ? 432. What is conductive discharge ? 
433. Show that non-conductors so called are only poor conduc- 
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tors. 434. Explain the electric current by Faraday's theory of 
induction, 435, What is electrolytic discharge ? 436. Explain 
it according to Faraday's theory. 437. On what part of a solid 
conductor is the charge always found ? 438. Explain this fact 
on the theory of induction. 439. How is the charge distributed 
over the surface ? 440, Show that polarization rises highest in 
the direction of least resistance. 441. Explain the fact that 
the charge accumulates on the ends of oblong conductors. 
442. Show that the charge which a body can receive depends 
■upon the facilities it offers for poiariiation. 443. Describe the 
Leyden jar. 444. Explain how it becomes charged, and its con- 
dition after it is charged, 445. Explain how it is discharged. 
446. Describe the Leyden battery. 447. Explain the action of 
points on charged conductors. 448. Explain the action of the 
electric wheel. 449. Who first proved the identity of lightning 
and ordinary frictional electricity ? 450. Explain the electric 
action of clouds. 451. What is chain lightning? 452- What 
is sheet lightning.' 453. Explain the use of lightning-rods, 
454. Wh.it is the aurora.'' 455. What is known of the way in 
which atmospheric electricity is developed ? 
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